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CIIArXKU  XIII. 

CHARACTSRS  OF  HiBMATOTIIBKMA. 

{  121.  Tkermogencus  Conditiom, — Life  is  attended  with  con- 
stant molecular  change ;  and  such  vital  motion  becomes  converted 
directly,  or  through  intermediate  modes  of  chemical  or  electrical 
forcOj  into  that  of  heat ;  the  chief  chemical  action  preceding  or 
producing  the  calorific  force  being  due  to  the  introduction  of  oxy- 
gen by  air  or  food  into  the  body,  where  it  operates  in  a  manner 
analogous  to  combustion. 

The  evolution  of  animal  heat  more  directly  relates  to  the 
amount  of  air  inspired  in  a  given  i>criod,  and  to  the  rapidity  with 
which  the  oxygenated  blood  is  conveyed  to  the  tissues. 

In  these  the  molecular  changes  are  governed  by  the  nervous 
system,  and  whatever  tends  to  paralyse  the  nervous  force  operates 
in  the  same  degree  in  arresting  those  molecular  movements  on 
which  more  directly  depends  the  evolution  of  heat.  In  this  act 
the  nervous  system  is  accordingly  concerned,  in  so  far  as  it 
influences  the  exercise  of  the  muscular  movements. 

In  the  liitmatoiherma,  or  Warm-blooded  Vertebrates,  the  at- 
mosphere is  directly  inspired  and  applied  to  a  vascular  surface 
which,  in  proportion  to  the  bulk  of  the  body,  is  much  more  exten- 
sive than  in  any  of  the  Ilamatocrya*  For  mechanical  convenience 
the  respiratory  surface  is  closely  packed,  in  small  compass,  by 
subdivision  of  the  pulmonary  cavity  into  countless  minute  cells, 
gi>ing  to  the  lung  a  s{K)Mgy  texture,  obliterating  all  trace  of  a 
visible  or  conspicuous  cavity. 

The  whole  of  the  venous  blood  is  pr<»pelled  over  this  extensive 
but  compactly  (1i.s|K)sed  capillary  area  by  successive  contrartions 
of  a  s|)ecial  ventricle,  receiving  it  from  a  distinct  auricle,  and  tlic 
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blood,  clmnnred  by  the  respiratory  action,  is  conveyed  to  anotlier 
distinct  auricle  and  propelled  by  a  aeoond  distinct  ventricle  over 
tlie  entire  FjBtem. 

Thus  a  four-chambered  heart  and  spongy  lung?  arc  the  chief 
anatomical  characteristies  by  wliich  the  *  warm-blooded '  are  dis- 
tinguished from  the  ^  cold-blooded '  Vertebrates,  although  respira- 
tion and  circulation  are  subsidiary  or  auxiliary,  not  immediate, 
thermogenouB  functions. 

WhatcA-cr  tends  to  obstruct  the  flow  of  blood  to  a  part  of  the 
body,  as  ligature  of  an  artery,  e.  g.,  lowers  in  a  certain  degree  the 
heat  of  that  part ;  and  whatever  augments  such  flow  of  blood,  as, 
exercise,  e.g.,  or  incrcascv^  the  quantity  of  blood  in  a  part,  aa 
where  the  capillaries  dilate  through  paralysis  of  the  vaao-motory 
filaments  from  a  ganglion  of  the  sympathetic  nerve,  rabes  the  heat 
of  such  part;  temporarily,  at  least,  in  the  latter  caseJ 

In  all  Hamatotherma  the  mass  of  nervous  matter  constituting 
the  cerebral  portions  of  the  prosencephalon  is  relatively  larger 
both  to  the  rest  of  the  brain  and  to  the  bulk  of  the  body  than  in 
Hmmatoerya,  although  the  degrees  of  this  predominance  in  the 
warm-blooded  series  reUte  to  other  functions  than  the  evolution 
of  heat. 

Concomitantly  with  the  advance  of  the  circulating  and  res|nrar 
tory  organs  in  HtBmatoikerma  is  that  of  the  blood  itself,  in  quantity, 
in  the  proportion  of  organic  (proteine)  principles  to  the  water  in  it, 
and  in  depth  of  colour  due  to  the  more  abundant  blood-discs. 
The  voluntary  muscular  fibre  shows,  in  most  Ucematotherma,  by 
its  deeper  colour  than  in  HeBmiUoerya,  the  influence  of  this  more 
abundant,  richer,  and  redder  blood ;  and  the  longer  duration  and 
greater  energy  of  the  contractions  have  relation  to  the  haemato- 
thermal  conditions  of  the  nervous,  respiratory,  and  circulating 
systems. 

In  every  muscular  contraction  some  molecules  of  the  flbre 
may  be  said  to  be  burnt,  and  heat  is  evolved.  Needles  of  a  deli- 
cate thermo-electrical  apparatus,  thrust  into  a  living  muscle,  indi- 
cate a  rise  of  temperature  at  each  act  of  contraction.'  The  heat- 
producing  results  of  the  sum  of  such  actions  is  a  matter  of  common 
experience,  and  a  loss  of  animal  heat  results  from  the  cessation  of 
such  actions.  So,  Hunter  writes :  *  When  a  man  is  asleep  he  is 
colder  than  when  he  is  awake ;  and  I  find,  in  general,  that  the 
diflerence  is  about  one  degree  and  a  half'  (of  Fahr.)' 

'  V.  p.  377. 

-  As  in  ihc  *  biceps  flexor  cuhili '  of  the  inau  so  expcriiuentcd  on,  ia  i  -.  p.  402. 
*  xciY.  {k  144.   Sec  also  II*. 
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The  molecular  moveniciits  and  chancres  in  the  oriiims  of  vcfrc- 
tative  life  constitute  n  more  unintcrmittinir  source  of*  caloric.  The 
biooci  Avhich  returns  iVoin  the  extensive  seat  ot"  jsuch  ojjcrulions 
ufl^>r(led  by  the  mucous  intestinal  tract  is  warmer  than  before  it 
enters  that  tract:  the  blood  of  the  hepatic  vein  after  itii  pa^^sagc 
through  the  portal  circulation,  and  its  work  in  the  liver,  sliuws  a 
more  marked  riso  of*  temperature.  Urine  in  mammals,  l)ef'ure  itii 
escape,  is  hotter  thuu  blood; '  and  the  rich  supply  of  nerves  to  the 
adrenals  may  relate  to  the  calorific  functions  of  the  kidneys. 

The  production  of  heat  from  the  actions  of  organic  life  depends 
on  the  amount  of  material  for  the  sup[>ort  of  such  actions — on  the 
quantity  of  oxidizable  Bub^tance  introduced  as  aliment  into  the 
body.  The  greater  yigour»  activitj,  waste,  or  Avear  and  tear,  in 
the  warm-blooded  machinery  necessitate,  while  they  enable,  a 
greater  cncvL'v,  and  more  regular  and  rapidly  recurrin*]^  [lerform- 
ance  of  the  digestive  functions;  and  the  warm-blooded  differ  fr<»m 
the  oold-blooded  vertebrates  in  the  greater  amount  of  food  which 
they  consume,  and  the  shorter  interrals  between  the  times  of 
eating.  Wann-l)looded  animals  exemplify  this  influence: — '  I 
weakened,*  says  Hunter,  'a  mouse  by  fasting,  and  then  iiitro> 
diiced  the  ball  of  the  thermometer  into  its  belly :  the  ball  being 
at  the  diaphragm,  the  quicksilver  rose  to  97^;  in  the  i>clvis  to 
i>r)'^y  being  two  degrees  colder  than  in  the  strong  mouse.*'  The 
difference  of  being  *  full '  or  'fasting*  in  resisting  cold  is  a  matter 
of  common  experience. 

{  122.  nermoffenous  Jtesulis. — The  more  active  and  unremit- 
ting vital  combustion,  due  to  t]ie  above^Iefined  advanced  con- 
ditions of  the  nervous,  respiratory,  circulating,  digestive,  and 
muscular  systems,  keeps  up  a  constant  temperature,  as  a  general 
nile»  in  the  Ilamaiathermaf  which  is  usually  so  much  higher 
than  that  of  the  surroundiujnr  medium  as  to  cause  the  sensation 
of  warmth  to  the  hand  touchin«t  the  bodv .  In  man  the  mean 
tem|)erature  of  the  interior  of  the  body  is  100^  Fahr. ;  in  the  dog, 
101**;  in  the  ox,  100^;  in  the  mouse,  99^;  in  the  whale,  lOo^ 
In  liirds'  the  mean  temperature  ranges  in  different  8|)ecies  from 
lOd'to  112*. 

The  heat-producing  |>oweT8  in  healthy  Hamaiotherma  are  more 
active  as  the  surrfiunding  medium  is  cooler; 'and  cold,  much 
below  freezing,  is  long  resisted,  and  habitually,  by  the  warm- 

'  III-.  100°  or  101®  Fuhr.  m  a^'uitisl       I'.ihr.;  (39. 5,  ns  ngainst  37  or  SO  Cent.) 
*  xciY.  p.  14S.   feke  »\w  p.  16,  fur  »  rimilur  illutiratioii  of  lu$i  of  Itcat  through 
ttiirfittion  ill  ftui'k».  '  iv*. 
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blooded  denizenB  of  arctic  and  antarctic  zones.  The  nature  of 
the  external  covering  has  much  influence  in  thb  rcfiistance* 
whether  it  be  the  thick  layer  of  subcutaneous  fat  in  the  whale- 
tribe,  the  fur  and  haar  of  the  quadruped,  or  the  down  and  feathers 
of  the  bird.  Save  in  the  case  of  mankind  and  the  whalekind, 
the  warm-blooded  Vertebrate  may  be  distinguished  at  a  glance 
from  the  cold-blooded  one  by  the  non-conducting,  heat-pre8er\'iiig, 
nature  of  its  clothing,  which  is  *  hair/  as  a  general  rule  in  Mam- 
mals, and  '  feathers  *  in  Birds. 

There  are,  howeyer,  gradations  of  the  heatHniaintaining  power 
in  the  Htmatatherma,  Some  Mammals,  e.  g.  the  Alpine  Marmot, 
the  Hamster,  the  Squirrel,  the  Dormice  {Mi/oxm),  the  Porcupine, 
the  Virginian  Opossum,  at  the  approach  of  winter-cold,  seek  a 
retreat,  fall  into  a  deep  sleep,  and  loee  from  10^  to  20**  Fahr.  of 
heat.  In  the  Squirrel,  e.  g.,  the  heat  of  the  body  has  been  found 
to  sink  from  98**  to  78^  Respiration  is  continued,  though  slow  Iv, 
in  these  winter^leepers.  The  Hedgehog  {Erinaeeus)  and  the 
Bat  {Vespertilio,  Linn.)  fall  into  a  deeper  and  more  lasting 
torpor ;  in  which  breathing  is  suspended,  and  a  slow  and  languid 
circulation  is  the  sole  sign  of  animation.  In  the  Bat,  the  heart's 
pulsations  fall  from  200  in  a  minute,  as  when  in  active  wake- 
fulness, to  30  in  a  minute,  during  torpidity ;  the  blood  being 
then  in  a  dark  venous  state,  and  the  temperature  of  the  body 
down  to  40^  In  this  condition  these  Insectivora  survive  the 
season  during  which  their  allotted  food  is  unattainable.  In  the 
tropics  some  allied  species,  c.  g.  the  Tenrecs  (Centetes)  fall  into  a 
similar  torpidity,  witiiout  the  excitement  of  a  freezing  cold,  during 
the  season  unfavourable  to  the  presence  of  their  food. 

The  feeble  and  inactive  young  Hmmatatherma  use  up  less 
oxygen  than  adults ;  and,  when  exposed  to  cold,  loee  their  heat, 
and  also  their  sensibility,  differing  in  this  latter  resjicet  from  the 
hybemators.  The  least  touch  to  a  spine  of  a  torpid  Hedgehog 
rouses  it  to  draw  a  deep  sonorous  inspiration :  the  merest  shake 
induces  respiration  in  the  torpid  Bat. 

In  all  these  instances  of  loss  of  power  to  preserve  the  average 
mammalian  temperature,  the  physiological  conditions  of  the 
species  approximate  more  or  less  to  those  of  the  cold-blooded 
animals ;  and  it  is  interesting  to  observe  that  the  winterHslcciiing 
and  torj)i(l  Mammals  are  those  which  most  resemble  reptiles  in 
their  cerebral  organisation :  they  are  also  of  small  size.  Whether 
the  Edentata  and  Monotremata  would  become  torpid,  and  so 
accommodate  themselves  to  other  than  their  native  climates  is  a 
question  well  worthy  of  experimental  determination. 
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No  approach  to  torpidity  with  loss  ol  auiinal  temperature  has 
been  determined  io  take  phwe  in  imy  bird.  Tlie  insectivoruuri 
kinds  niio^ate — Swifts  and  SvvaHous,  e.  g.,  to  and  fro  between 
Kiighiinl  and  Africa;  and  migration  is  performed  by  nuiiieroiia 
other  l)ir(ls  in  rchition  to  localities  furnishing  the  food  most 
apj»i«»j>riate  for  the  nourishment  of  their  newly-hatched  young. 
Experiments  have  laiied  to  induce  torpidity  in  birds  through 
artiticial  cold. 

§  123.  Characters  and  Orders  of  Uirds. — The  two  Iljemato- 
thcrmal  classes  Aves  and  MnmnniHa.  art'  dcfint  i  in  vol.  i.  p.  6 ; 
and  I  here  proceed  to  a  fuller  (  \ jf '--ition  of  the  avian  charac- 
ten:^ticis,  and  of  the  modifications  on  which  the  class  has  beeu 
divided  into  orders  or  other  primary  groups. 

Birds  constitute  a  clafs  of  oviparous  vertebrate  animals,  with 
wami  MmihI,  a  double  circulation,  and  a  covering  of  feathcj'S. 
Tliey  are  organised  for  flight,  and  as  this,  the  fleetest  and  most 
vigorous  kind  of  locomotion,  demands  the  greatest  energy  in  tlie 
contractility  of  the  muscular  fibre,  so  the  respiratory  function 
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finds  itv  higliej-t  (lc\ elopement  in  the  present  class.  Not  only  the 
ramihcati(ms  of  the  pulmonary  artery,  hut  many  of  the  capillaries 
of  the  systemic  circulation,  iVoin  the  singular  extension  of  tho 
air-cells  through  the  body,  are  submitted  to  the  influence  of 
the  atmosphere,  and  hence  Birds  may  be  said  to  enjoy  a  double 
rciipiration. 

Altlumgh  the  heart  resembles  in  some  particulars  that  of  the 
JlqttUia^  the  four  cavities  are  ns  distinct  as  in  the  Mnmvinliay  but 
they  :irf^  relatively  stnmgcr,  their  valvular  mechanism  is  more 
|)erfect,  and  the  oontractions  of  tiiis  organ  are  more  forcible  and 
frequent  in  Birds  in  accordance  with  their  more  extended  respi- 
rntinn  an<l  their  more  energetic  muscular  actions. 

As  Birds  exceed  Mammals  in  the  activity  of  those  functions  on 
which  the  waste  and  renovation  of  the  general  system  more 
imnu'diately  depend,  so  they  possess,  as  has  been  shown,  a  higher 
Htandard  of  animal  heat. 
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The  modification  of  the  tegumentary  covering  characteristic  of 
the  present  class  is  to  be  regarded  rather  as  dependent  upon, 
than  occasioning,  this  high  degree  of  internal  temperature,  which 
requires  for  its  due  maintenance  against  the  agency  of  external 
cold  an  adequate  protection  of  the  surface  of  the  body  by  means 
of  non-conducting  down  and  imbricated  feathers ;  and  tJds  warm 
clothing  is  more  especially  required  to  meet  the  sudden  Tariations 
of  temperature  to  which  the  bird  is  exposed,  when  soaring  in  the 
higher  regions  of  air  and  stooping  to  the  earth,  during  rapid  and 
extensive  flights. 

The  generative  product  is  excluded  from  the  oviduct  in  an 
undeveloped  state,  inclosed,  in  a  liquid  form,  within  a  calcareous 
case  or  shell.  Collision  of  two  brittle  eggs  in  transitu  is  obviated 
by  the  female  organs  being  dcvclopeil  only  on  the  lel^  side  of  the 
hnly.  The  ovum  is  subsequently  perfected  by  means  of  ineuba^ 
tiotti  for  which  action  the  bird  is  especially  adapted  by  its  high 
degree  of  animal  heaL 

Birds  form  the  best  characterised,  most  distinct,  and  natural 
doss  in  the  whole  animal  kingdom,  perhaps  even  in  organic 
jiature.  They  present  a  constancy  in  their  mode  of  generation 
and  in  their  tegumentary  covering,  which  is  not  met  with  in  any 
other  of  the  vertebrate  classes.  No  species  of  Bird  ever  deviates, 
like  the  whales  among  Mammab,  the  serpents  among  Beptiles, 
and  the  eels  among  Fishes,  from  the  tctrapodous  type  charac- 
terising the  vertebrate  division  of  animals* 

The  anterior  extremities  are  constructed  according  to  that  plan 
which  best  adapt  s  them  for  the  actions  of  flight ;  and  although,  in 
some  few  instances,  the  developcment  of  the  wings  proceeds  not 
BO  far  as  to  enable  them  to  act  upon  the  surrounding  atmosphere 
with  sufficient  power  to  overcome  the  counteractang  force  of 
irravity ;  yet,  in  these  cases  they  assist,  by  analogous  motionB, 
the  posterior  extremities:  either,  as  in  the  ostricli,  by  beating 
the  air  while  the  body  is  carried  swiftly  forward  by  the  action  of 
the  powerful  legs ;  or,  as  in  the  penguin,  by  striking  the  water 
after  the  manner  of  fins,  and  by  the  resistance  of  the  denser 
medium  ciirrying  the  body  through  the  water  in  a  manner  analo- 
gous to  that  by  which  the  birds  of  flight  are  borne  tlnough  the 
air.  In  a  few  exceptions,  as  the  cassowary  and  apteryx,  tlie  wings 
are  outwardly  represented  by  a  few  quills  or  a  small  claw  In  no 
instance  do  the  anterior  extremities  take  any  share  in  stationary 
sup|H)rt  or  in  prehension. 

Birds  are  therefure  biped,  and  the  operations  of  taking  the 
food,  cleansing  the  plumage,  Ike,  are  almost  exclusively  perfonned 
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by  means  of  the  mouth,  which  consists  of  two  liplcss  and  tooth- 
less jaws,  sheathed  witli  horn.  To  facilitate  the  prehensile  and 
other  actions  thus  transferred  to  the  head,  tlic  neck  is  elongated, 
'  and  the  body  generally  inclined  forward  and  downward  from  the 
hip-joints.  Tlie  thighs  arc  accordingly  extended  forward  at  an 
acute  angle  from  the  ])elvis  toward  the  centre  of  tlie  trunk,  and 
the  toes  are  lengthened  and  spread  out  to  form  an  adequate  base 
of  8Upi>ort.  The  actions  of  perching,  walking,  hopping,  running, 
scratching,  burrowing,  wading,  and  swimming,  require  for  their 
perfect  performance  different  modifications  of  the  posterior  extre- 
mities. The  mandibles,  again,  present  as  many  varieties  of  form, 
each  corresponding  to  the  nature  of  the  food,  and  in  some  degree 
indicative  of  the  organisation  necessary  for  its  due  assimilation. 
Ornithologists  have,  therefore,  founded  their  divisions  of  the  class 
chiefly  on  the  modifications  of  the  bill  and  feet.  Since,  however. 
Birds  ill  general  are  associated  together  by  characters  so  peculiar, 
definite,  and  unvarying,  it  becomes  in  consequence  more  difficult 
to  separate  them  into  subordinate  groups,  and  these  are  neces- 
sarily more  arbitrary  and  artificial  than  are  those  of  the  other 
vertebrate  classes. 

A  binary  division  of  the  class*  may  be  founded  on  the  condition 
of  the  newly-hatched  young,  which  in  some  orders  are  able  to 
run  about  and  provide  food  for  themselves  the  moment  they  rpiit 
the  shell  (Aves  preteoce»)%  while  in  others  the  young  are  excluded 
feeble,  naked,  blind,  and  dependent  on  their  parents  for  6U[)port 
i^Aves  alirieei), 

Nitzsch*  grouped  together  the  feathered  tribes  under  ^ree 
series,  according  to  the  great  divisions  of  the  terraqueous  globe 

which  fonn  respectively  the  principal  theatres  of  their  actions. 
The  first  order  consists  of  the  birds  of  the  air,  Aves  aerccc  (Luft- 
vogcln);  the  second  embraces  the  birds  of  the  laud,  Aves  trrreM res 
(Krdvogeln);  the  third  includes  the  birds  which  frecpieiit  tlie 
waters,  Aves  atfitatira;  (Wasser-vogchi j.  The  eagle  and  lurk 
exemplifV  the  first;  the  ostneli  and  connnuii  fowl  the  second; 
the  hcruu  and  tiie  gull  the  third,  of  these  extensive  divisions  of 
the  class. 

Vigors^  proposed  a  more  definite  sysitem  upon  a  similar  prin- 
riplo,  <hstrilnitiiig  liirds  into  five  ortlers.    The  first  inelii<h\s 
which  soar  in  the  upper  regions  of  the  air,  which  build  their 
•    iii  -ts  :md  rear  their  ynimg  on  liigh  cliffs  or  lofty  trees;  they  are 
tiic  cluei  of  aerial  birds  and  form  tlie  onJer  tenued  /{ajUonSf 

'  vif.  p.  205.  '  VIII-.  *  I.V  . 
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from  the  rapadoua  lutbits  and  animal  food  of  the  specieB  so 
grouped  together. 

The  second  order  affects  the  lower  regions  of  the  air:  the  birds 
composing  it  are  peculiarly  aiboreal  in  their  habits,  and  are, 
therefore,  termed  *  Perchers/  Inteuores. 

The  third  order  corresponds  with  NitzscVs  Ave$  terrutres,  and 
is  denominated  Bamret^  from  their  genml  habit  of  scratching  up 
the  soil  in  quest  of  food, 

Bj  dividing  his  Aves  aguoHca  into  those  which  wade  to  obtain 
their  food,  and  into  those  which  swim,  we  get  the  two  remaining 
orders  of  the  quinary  arrangement — viz,  the  GraBai<fre$  and 
Natatares,  The  merit  of  this  system  mainly  lies  in  the  endeavour 
to  trace  the  natural  affinities  of  the  sevml  families,  and  show 
how  they  pass  one  into  another  to  form  a  connected  circular 
whole. 

The  Raptores  of  Vigors  answers  to  the  Accipitres  of  Linnaeus 
and  Cuvier;  the  Insesanrcs  to  the  I^isstrca  and  Pici  of  Linnicus, 
and  tn  the  Poxfterrs  and  Scansorea  <A'  Cuvier;  the  Rasores  to  the 
(niilinoi  of  Liiiu.i  /;///.s-  the  ColnndxL',  and  to  the  Gallinacece  of 
Cuvier;  the  GruLlutores  to  the  Cralioi  of  Liniueus  and  Cuvier; 
the  Natatores  to  the  Anseres  of  Linua^us^  and  the  Palmipedes  of 
Cuvier. 

AVES  (Birds). 

Class-characters. 

Animal^  vertebrated,  oviparouB,  hiped. 
Pectoral '  limbs  organised  tor  flight. 
Jntegumenty  plumose. 
Blood,  red,  warm. 

Respiration  and  rirculation,  double. 
Lv-nrjHy  fixed,  perforated. 

Negative  Characters,  no  ear-conchs,  lips,  teeth,  epiglottis,  dia- 
phragm, fornix,  corpus  calloBum,  scrotum. 

The  following  are  the  orders,  with  their  characters  and  sample 
families,  adopted  as  most  convenient  for  the  purpose  of  the  present 
work ; — 

'  CCCXLTIXr. 


^ 
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Older  1.  NATATORE& 

Swimming  Birds.  Toes  united  by  a  membrane,  fig.  2.  Legs 
placed  behind  the  equilibrium,  and  body  covered  with  a  thick  coat 
of  doMm  beneath  the  feathers. 

Fam.  1.  Brevipeimata;.    Ex.  Penguin,  Auk,  Guillemot,  Grebe. 

2.  Ltmgipennatce.    Ex,  Skimmer,  Tern,  Mew,  Gull,  Petrel, 

Albatross. 

3.  Totipalmata,    Ex.  Pelican,  Gannet,  Cormorant,  An- 

hinga.  Frigate  Bird,  Tkopio  Bird. 

4.  LameUiroitrattB,   Ex,  Duck,  Groose,  Swan,  Flamingo. 


s  s  4 


Wobl)«d  foot  of  i'oUcao.  IIe*d  and  wading  I09  of  the  Curlew. 


Order  II.  GRALLATORES. 

Wading  Birds.  Legs  long,  naked  from  above  the  distal  extre- 
mity of  the  tibia  downwards,  fig.  4. 

Fam.  1.  MacrodnrtiflL      Ex.   Coot,  Rail,  Crake,  Screamer, 
Jacaua. 

2.  Cultrirostrca.    Ex.  Boatbill,  Crane,  Heron,  Ibis,  Stork, 

Tantalus,  SpoonbilL 

3.  Longiroitre$.   Ex.  Ckunbet,  Avocet,  Snipe,  Ruff,  Turn- 

stone, Sandpiper,  Godwit,  Curlew,  fig.  3. 

4.  Pressirostrrs.      Ex.    ( )ystcrcatcher,  Tliickuce,  Plover, 

Lapwing,  Uubtard,  Cuurticr. 
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Order  IIL  HASOKES. 

.Scratchiiiii;  Birds.  Feet  strouL^.  }>n)\  i»Ictl 
with  obtuse  claws  for  scratcliii)^  up  griiiiis, 
etc.  Upper  inanilihle  vaulte<l ;  ntistrils 
pierced  in  a  inemhranous  space  at  the  base, 
and  covered  hy  a  cartihiginous  scale,  fi<^.  5. 
Nest  rude.  iStemum  with  four,  rarely  two, 
deep  fissures. 

SOBOBDERS. 

Gallinacei  ov  C/nmtifnres ;  Polyfjanious.  F.r.  Mop^apodc,  P(^•l- 
lowl,  Partridjre,  C^uail,  Pheasant,  (iauLra,  (irousc. 
Pintado,  Tinann'i,  Turkey,  Cuntssow,  (iuau. 

Columbacei  or  G cm i tores ;  Monogamous.  Ex»  Dove,  (ioura, 
Yiuago. 


5 


Pintado  or  GaJiM»liDirL 


Order  IV.    CANTOliES  (^Oscines). 

Singing  Birds.    Legs  short  and  slender,  with  three  toes  before 
and  one  behind,  the  two  external  toes  bein^ 
•  united  by  a  very  short  membrane,  fig*  6.  Ster- 

num with  one  hind-notch  on  each  side,  manu- 
brium bifurcate,  fig.  15;  larynx  5 — muscular. 
The  brain  arrives  in  this  order  at  its  greatest 
pro{>ortional  size,  and  the  organ  of  voice  here 
attains  its  utmost  complexity.  Nests  complex ; 
eggs  usually  coloured.  Monogamous. 

Fani.  1,  JJenttrosfrrs,     Ex.  Manakin,  Shrike,  Wren,  Wagtail, 
AVarhler,  Thrush. 

2.  Conirostres.    Ex.  Paradise  Bird,  Crow,  Starling,  Bun- 

ting, Tit,  Lark,  Finch,  Grosbeak. 

3.  Tenuvro$tres»    Ex,  Sunbird,  Nuthatch,  Creeper. 

4.  FtMiirottres,    Ex,  Swallow,  Martin. 


Order  V.  VOLITORES. 

Moving  solely  by  flight.  Skeleton  light  and  hi<^hly  pneumatic; 
sternum  with  a  simple  manubrium,  and  a  deep  keel ;  in  some  en- 
tire, fig.  18,  in  most  with  two  hind-notches  on  each  8i«ic,  fig.  20 ; 
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larynx  trimuscular ;  intestinal  cssca  usually  absent,  or  large; 
wings  powerful,  in  some  long  and  pointed ;  small  and  weak, 
with  few  exceptions  not  used  in  locomotion;  with  the  back  toe 
1  short,  sometimes  turned  forward  ( Ct/pselus\  or  wanting 
(CVyx);  the  mitcr  toe  iv  i.s  revc'rsil»lL'  in  some  (^TroyoH)y  in 
others  iinitetl  to  the  mid-toe  a,s  far  a^s  the  penultimate  joint, 
fi«jj.  7.  ^lany  nitliHcate  in  holes  of  trees,  or  in  the  earth  ;  the 
eggs  are  white  and  subsphcrical.    They  arc  monogamous.  The 

7  8 


IT  '  // 

HyiMioctyluiui  foot  (»t  KliiffllsUer. 


Scaiuiurial  foot  of  WixHlpccktr. 


hoa<l  i.s  larj:]^c,  and  in  most  the  beak  is  reniarkahle  for  its  length  (»r 
width;  or  U>th.    The  gape  ies  wide ;  the  food  takcii  on  tlie  wing. 

Fani.  1.  Ci/pselidte.    Ex,  Swift. 

2.  TrochiiideB,    Ex.  Humming-bird. 

3.  CaprimufyideB,    Ex.  Nightjar. 

4.  Tro^idee.    Ex.  Trogon. 


5.  Pnonitidm, 

7.  Gdilntiitlw, 

8.  CoraciadcE. 

9.  Capitonida'. 

10.  Alcedinida, 

11.  Bucerotida. 


Ex.  Mot-mot. 

Ad'.  Bee-eater, 
/Tr.  Jaramar. 
Ilx.  K oiler. 

Kx.  Puff-bird. 

Ex,  Kingfisher. 

Ex,  Hombill. 


Order.  VI.  SCANSORES. 

Climbing  Birds.  Toes  arranged  in  pairs,  two  before  and  two 
heiiind,  fig,  8.  Most  oviposit  in  holes  of  decayed  trees.  Larynx 
trimuscular.  Monognmous. 
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Fam.  1.  Rampha»Hdm,    Ex.  Tdcaiu 

2.  BnectmidtB.    Ex,  Barbet. 

3.  CuculidfB.    Ex,  Cuckoo. 

4.  Picidcc.    Ex,  Woodpecker. 

5.  Mu  soph  a  (J  id  CP,    Ex.  Tuuraco  or  Plantaiii-catcr, 

6.  Coliidcc.    Ex,  Coly. 

7.  FsittacidiB,   Ex,  Parrot 

Order  VII.  RAPTORES. 

Rapacious  Birds.  Beak,  Btrong,  curved,  sharp-edged,  and 
sharp-pointed,  fig.  9 ;  legs  short  and  robust,  with  three  tdos  before 
and  one  behind,  armed  with  long,  strong,  crooked  talons,  fig.  10. 


10 


Bai«arUI  fool  of  m^. 


Fam.  1.  Aoctnrncs.     Ex.  Owl. 

2.  Diurnes.    Ex.  Hawk,  Eagle,  Vulture. 

An  eighth  group  of  birds  has  been  characterised  under  the  name 
CuRSORES,  Coursers,  or  *  Running-birds,' '  l)y  the  arrested  dcYO- 
lopement  of  the  wings  unfitting  them  for  flight,  uud  hy  the  com- 
pensating size  and  strength  of  the  \v'^>.  hy  which  they  are  enabled 
to  run  swiftly  on  the  ground.  This  is  not,  however,  a  natural 
order;  some  of  its  exponents  have  d(  moiistrably  closer  affinities  to 
other  groups  of  wliich  they  arc  wingless  members,  just  as  the 
Penguins  and  Auks  bear  relation  to  families  of  the  Natatorial 
order.  Thus  the  Notomts  is  a  m(Klifie(l  Coot.  The  Ostrich  bears 
the  same  relation  to  the  Bustards.  The  extinct  Didus  and  Pezo- 
phaps  are  most  nearly  allied  to  the  Coiumbaccous  group  of 
Rasares.  Apteiyx  and  the  allied  extinct  DinomisODd  PalapUryXf 
bear  affinity  to  the  Megapodial  family  of  GaUintB, 

»  Pmri,  UUg.;  Piatjftknt^  NUsacb;  Strulhumid«t  Vigrm 
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In  all  the  Cursorial  genera  the  Bternum  is  devoid  of  keel. 

Strnthio  is  the  only  genus  of  birds  in  which 
the  toes  are  reduced  to  two,  fig.  11. 

In  like  manner  the  wcb-footcd  order  is  an 

;i  11  i (it  iiil  one,  including  derivatives  from  dif- 
li  rent  natural  f^^roups  or  types;  and  the  same 
may  i)e  naid  of  the  order  including  tlie  birds 
that  have  the  legs  long  and  naked  above  the 
tarsal  joint. 

Derivatively  the  class  of  Birds  is  most 
closelv  c*»niieete(l  with  the  Ptrrosauruui  tJivK'r  uf  culd-ldotKlcd  air- 
breathers.  In  equivalency  it  is  eon\j)arable  rather  witii  such  a 
group  than  with  the  UrptWui  in  totality,  or  with  the  Mammalia ; 
and,  lience,  the  correspmnling  inferiority  of  vnhie  of  the  avian 
*  orders'  to  the  subdivisions  so  called  of  those  lar«j:;er  classes. 

In  relation  to  time,  indications  of  Aves  date  as  far  back  as  those 
of  Pfrrosauna,  in  the  *  ornlthichnites '  or  foot  prints  of  the  N  ew- 
Kcil  Sandstones,  for  example.'  The  lithop:raphic  slates  of  a  later 
mezoznic  j)eriod  have  revealed  a  true  feathci-ed  hird,^  wantlni^ 
only  the  adaptive  modification  of  the  cau<lal  vertebr;e  charac- 
teristic of  all  neozoic  birds,  even  those  of  the  oldest  tertiary 
strata,  in  which  fossil  remains  of  representatives  of  nearly  all  the 
jire.scnt  orders  of  Aoes  have  been  found.'  The  most  recent  in- 
stances of  extinction  of  species  are  i>f  tlie  birds  that  have  lost  the 
jHiwcr  of  flight;  as,  e.g.,  the  gigantic  Moas  (/?^7^orw^s  I*aiapten/Xf 
Aptornis,  Cneinwrjiisy  of  New  Zealand ;  the  ecjually  gigantic 
Epynrnis  of  Madagascar ;  tlie  Dodo  (Didus)  of  the  Mauritius ; 
the  Solitaire  (Pezophaps)  of  Rodriguez;  the  Gare->fowl  {Aica 
impennis)  of  Northern  shores  or  islands. 

Notwithstanding  the  characteristic  powers  of  locomotion  of  the 
class  generally,  it  is  amenable,  most  suggestively,  to  laws  of  geo^ 
graphical  distribution  and  limitation. 

*  xvit*.  pp.  5  Mid  324.  XV.         >  cLr.  And  xmr.  p.  549, 

'  XVI*. 
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CHAPTER  XIV. 

OSSEOUS  Sr&T£M  OF  AV£8. 

5  124.  General  Characters.  —  The  skeleton  of  lilrds  is  remark- 
abhi  for  the  riipidity  of  its  ossification  and  the  light  and  elegant 
mechanism  displajed  in  the  adaptatlni)  of  its  several  parts.  The 
osseous  substance  is  compact,  and  exhibits  more  of  the  laminated 
and  less  of  tlto  fibrous  disposition  than  in  the  other  vertebrate 
classes.  This  is  more  especially  the  case  in  those  parts  of  the 
skeleton  which  are  permeated  by  the  air.  The  bones  which  pre- 
sent this  singular  modification  have  a  greater  proportion  of  the 
phosphate  of  lime  in  their  composition  than  is  found  in  the  osseous 
system  of  the  mammalia,  and  they  are  whiter  than  the  bones  of 
any  other  animal.  In  the  bones  where  the  medulla  is  not  displaced 
by  the  extension  of  the  air-cells  into  their  interior,  the  colour  is  of 
a  duller  white.  In  the  Silk-  or  *  black-boned  *  fowl  of  the  Tropics 
(Gallus  Morio,  Temminck),  the  periosteal  covering  of  the  bones  is 
of  a  dark  colour;  but  this  is  a  peculiarity  of  the  cellular  rather 
than  of  the  osseous  texture,  which  does  not  differ  in  colour  from 
that  of  other  birds ;  indeed  the  thin  aponeurosis  covering  the 
lateral  tendons  of  the  gizzard  of  the  Silk-fowl  has  the  same  dark 
hue  as  the  membrane  which  Invests  the  bones. 

§  125.  Dorsal  Vertebrm. — The  modifications  of  the  common 
vertebrate  type  of  skeleton  required  by  the  exigencies  of  the  pre^ 
sent  class  are  extreme.  Anchylosis  so  fetters  the  vertebral  column 
that  from  no  part  can  a  single  segment  with  all  the  elements  be 
detached  without  using  the  saw.  The  skull  includes  four,  the 
sacrum  a  greater  number,  of  vertebrae,  of  more  or  less  of  which 
the  hiemal  portions  alone  retain  freedom.  The  remaining  segments 
may  be  classified  as  *  cervical,'  *  dorsal,'  and '  caudal  * :  in  the  first 
and  last  the  pleurapophysas,  if  present,  is  confluent  with  the 
neural  arch :  in  the  dorsal  series,  the  pleur-  and  hsem-a})ophyses 
are  flexibly  articulated,  but  the  hiemal  spines  are  connate,  and 
represented  by  a  single  bony  plate. 
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Fim  three  d«»rMl  vcrteltn»«od  aR«t*ni»r 
■rrli  of  a  bird.  In  dlaviamntttle  «ide  riew. 


In  fig.  12,  is  given  a  sketch  of  three  dorsal  segments,  i>  ^>  3, 
with  the  haemal  arches,  52,  .w,  of 
two  others.  In  the  first  and  se- 
cond dorsals  the  pleurapophyses  (i 
and  2)  terminate  in  a  free  pointed 
eml,  liki'  the  *  false  floating  ribs,'  of 
Anthropotoniy  ;  in  the  third,  the 
plcurapophysis,  a,  artlcnlatcs 
with  the  ha^mapophysis,  //  ;  an  l  this 
with  the  expaiided  spine,  //  s,  wiueli, 
in  connation  with  ha  iuanutypes, 
constitutes  the  bone  cnlled  *  sft  r- 
nuni/  /*.  Every  snccecding  dorsal 
segment  Ims  the  hasmal  arch  com-* 

pletcd  by  bune. 

Fig.  13,  gives  a  diagrammatic  front  view  of  the  connate  dorsal 

or  tlioracic  haemal  sjiines.  r.  .« ;   the  hicmapophyscs,       of  five 

corresponding  segments,  and  also  a  modified  pair, /i, ^,  of  thehasm- 

a|H)physes  of  an  antecedent  segment. 
The  plenrajM)physes,  pl^  a, 

v)f   the  dorsal   segment  arc 

shown  in  eonnectiim  with  the 

centrnm,  r,  and  nenral  arch, 

ft  ;   it  is  to  this  |)art  of  the 

segment  that  the  term  *  vcrte* 

bra,'  ia  connnonlv  restricted. 
The  dorsal  vertebraB,  thus 

defined,  rarely  form  more  than 

a  fourth  part  of  the  entire 

column,  and  in  some  of  the 

long-necked    (irdUatorrs,  as 

the  Stork  and  Flamingo,  fig. 

14,  form  only  an  eighth  part; 

they  have  not  been  observed 

tn  be  fewer  than  four  (in  some 

Vultures),  nor  more  than  nine 

tbrouffhout  the  class :  the  lat-  ^^^"^  "^  v.  rtoi.m. »  1,  d  .  r  1 .  t  u .  r . ,  r^u 

.  or  Uioracic  regJi.ii,  In  .JliigmmninUr  froul  vkw. 

tcr  number  obtains  in  the  A])- 

teryx :  the  most  common  numbers  are  six  or  seven. 

The  dorsal  vertebras  are  shorter  than  most  of  the  cervicals,  and 
with  broader  neural  arches,  in  consequence  of  the  greater  devc- 
to|K!mentof  the  transverse  processes;  but  their  bodies  become  much 
ci»mpresKed,  and  in  some  Bmls  arc  reduced  almost  to  the  form  ol 
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vertical  lumiiise  towards  the  sacral  region  {Aptemdytesy  Catar* 
rhaetes) ;  but,  in  the  Ostrich,  tiie  bodies  of  the  donal  vertebne 
retain  their  breadth  througliont  the  series. 

The  bodies  are  united  by  capsular  ligaments  and  synovial  mem- 
branes ;  the  anterior  articular  cartilaginous  surface  is  convex  in 

14 


BkCfleUMi  of  PlMuliiBo.  A.  Oinur  MtUt.  IL  Tlmiiioii{r.nit«M<M).  CL  Pbceolroptcrn*. 


tlu>  Ncrtical  direction,  and  concave  in  the  transverse;  the  posterior 
suiiace  is  the  reyersc.  The  Penguins  and  Auks,  however,  present 
an  exception  to  this  rule :  the  posterior  surface  of  the  second  or 
third  dorsal  vertebra  is  concave,  to  which  the  opposed  end  of  the 
ssuccceding  vertebra  presents  a  corresponding  convexity;  the 
*  opisthoccclian  *  ball-and-socket-joint  is  continued  between  the 
centrums  to  the  last  dorsal.*  In  many  Birds  the  bodies  of  some  of 
tlic  middle  dorsal  vertebne  are  anchylosed  ti)gcther ;  and  in  gene- 
ral those  which  are  nearest  the  sacrum.    In  the  Fkmingo,  fig. 

•  VII.  p.  270,  and  x.  \A.  52,  figs.  5U,  51. 
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14»  the  anchylosis  extends  from  the  second  to  the  fifth  dorsal  ver- 
tebra. In  the  Sparrow-hawk,  the  same  vertebras  are  consolidated 
into  one  piece,  while  the  sixth  enjoys  considerable  lateral  motion, 
both  ufjon  the  fifth  and  seventh,  which  last  is  anchylosed  to  the 
sacrum ;  so  that  the  body  can  be  rapidly  and  extensively  inflected 
toward  either  side  during  tlic  pursuit  of  prey. 

From  some  or  most  of  the  dorsal  centrums  inferior  processes 
(livfiupophyses)  arc  sent  down,  for  extensive  and  favourable  orif^n 
of  the  flexor  muscles,  lonr/i  colli  and  recti  antici,  of  the  neck.  In  a 
vulture  {(Jf/ps  fulvus)  the  hypapophysis  is  a  low  medisui  rid^c  in 
tlic  fir*st  and  s(»cond  dorsals;  to  this,  in  the  third  dorsal,  is  added 
a  i>alr  <if  outstamlinj;  depressed  plates:  in  the  fourth  the  pair  of 
plates  are  smaller,  and,  with  the  metlial  ridj^e,  are  supported  on  a 
common  stem:  in  tiie  fifth  dorsal,  the  hypapophysis  is  ajjain 
reduced  U»  a  median  ci  inpi e>se<l  phite,  hut  it  Is  expantled  at  the 
end;  the  vert«'l»ra,  \\hi(ii  Itv  anehvlosis  has  l)»'C(inu'  the  foremost 
sacral,  hits  H  similar  Init  stronger  aHdsli<(htIy  Ijitiircatc  h\ pajMi|ihy- 
sis.  In  hoth  Vnltures  and  Kaj^les  the  pnrinl  hypa{)opliy ses  are  seen 
to  he  due  to  nu)dified  })arapophyses,  wiiieh  descend  and  are  pru- 
jjrossivrly  lost  in  the  median  hv|)apo[)hysis  of  the  fnnrth  and  hlth 
<loi>uls  {  ffnrprya,  Cuv.);  liie  >i\tli  and  se\firth  have  only  the 
!»»w  median  ridj;e.  The  parajM>physial  pairs  of  interi*)r  jiroeesses 
are  broad  diviTfjent  plates  in  the  aTiti'ri<tr  dornals  ai'  Aptrfnu/t/frs^ 
and  AU  <i'\  and  suhsiiK*  upon  the  lar;ie  ami  \<nvj^  <  om]ircssed  median 
liypa|M>|)hvs!s  which  characterises  tlie  jKisterior  dorsals.  The 
unusual  developcuient  of  these  inferior  processes  relates  t<>  the  si/.e 
and  strencfth  of  the  siiln  rrtehral  mus(  les,  which  coml)im'  with 
other  muscles  of  tlie  truniv  in  the  shntHin*'  movement  hv  which 
tlic  Penjj^uin,  like  the  seal,  makes  [>rogress,  j)rone,  upon  dry  land. 
In  the  anterior  dorsals  the  parajwiphysis,  besides  forming  the  arti- 
culation for  the  head  of  the  rih,  sends  ott"  a  muscular  process  sub- 
ject to  the  modifications  above  mentioned:  the  diapo])hysis  is 
larger  and  more  constant  in  character;  it  is  extended  from  hefore 
backward,  is  horizontally  flattened}  and  forms  the  surface  for  the 
joint  of  the  tubercle  of  the  rib  at  a  small  part  of  its  outer  border: 
a  metapophysial  ridge  is  developed  from  the  upper  surface,  and  is 
frequently  produced  into  filaments  coalescing  with  those  of  conti- 
guous dorsals.  The  pneumatic  foramina  are  at  the  back  part  of 
the  base  of  the  diapophyscs.  The  zyga[M»|)hyses  arc  small,  the  front 
{lair  look  upward  and  inward;  the  back  pair  outward  and  downward; 
the  latter  often  support  anapophysial  ridges.  The  neural  spine  is  a 

*  X*.  pi.  61,  fig.  48.  A,  A.        *  xii% 
VOL.  tr.  c 
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compressed  quadrate  plate,  iU  truncate  suininit  is  often  tliickened, 
sometimes  produced  forward  and  backward  to  fix  the  vertebrae 
from  their  highest  points ;  OBsified  tendons  of  spinal  muscles,  also, 
nid  the  coalesced  spinous  and  transverse  processes  in  fixing  part  of 
the  dorsal  re<^ion,  but  only  in  birds  of  powerful  flight,  and  not  in 
all  »\wh.    The  partial  anchylosb  of  the  dorsal  region  is  associated 
ill  Falcons  with  their  *  hovering*  action.    The  pleura]>ophy8eB 
*  or  *  vertebral  ribs '  articulate  movcably  to  the  dorsal  vertebrae,  as 
also  to  the  anterior  sa(;ral,  when  developed  there  to  form  part  of 
the  eompages  of  the  *  chest.'    In  the  first,  and  usually  the  second 
dorsal,  they  are  free,  i)ointed,  floating  ribs,  fig.  12,  i,  2,  fig,  13,  pL  ; 
they  articulate  with  bony  *  hieniapopln  ses '  or  *  sternal  ribs,'  ib.,  A, 
f/,  in  the  remaining  dorsals.   As  the  vertebral  ribs  are  placed  more 
backward,  the  neck  or  pedicle  supporting  the  head  elongates,  and 
this  articulates  with  the  parapophysial  surface  or  tubercle,  close 
to  the  anterior  border  of  the  centrum ;  rarely,  m  in  the  Penguin  * 
and  Ostrich,  encroaching  u|K)n  the  intervertebral  Bpace.  The 
tubercle  ul'  tliu  rib  is,  in  most,  suj)[X)rted  on  an  elongate  compressed 
base,  and  articulates  by  a  synovial  joint  with  the  diaj>ophysis. 
The  boily  of  the  rib,  where  tinned  by  the  union  of  the  two  arti- 
cular )>rocesscs,  is  compressed,  or  thin  from  side  to  side,  but  broad 
from  w  ithin  cm t ward ;  but  the  outer  margin  soon  expands  both 
forward  and  l)aek\\  ard  beyond  the  compressed  \mrt  of  the  body  uf 
the  ril> :  tins  jtart,  as  the  rib  extends  down,  sid)sides,  the  outer 
margin  inainlaining  or  increasing  its  breadth,  and  torming  the  rest 
of  the  rib,  <riving  to  it  a  iiattened  surface  externally.    This  is  the 
coninutn  l)nt  not  constant  cliaraeter  of"  the  dorsal  pleurajM)physes. 
These  ribs  are  broadest  in  projnjrtion  I0  their  length  in  the 
Aptn  i/j    narruwe.st  and  also  longest  in  the  i  niilleniots  and  Auks*; 
they  are  slender  in  most  Jnsessorfs  ;  broad  and  .str»)ng  in  Haptons. 
The  second,  third,  and  foiirili  ril)s  are  partially  and  remarkably 
expanded  in  Wood-peckers.     In  all  birds  the  end  of  the  vertebral 
rib  articulating  with  a  sternal  one  is  thi<'kened  to  i'urni  the  sul>- 
con vex  surface  ol' the  s\  !i(»vial  joint.    There  mav  be  several  mi- 
nute pnemnatie  rurannna,  but  the  most  constant  and  conspicuous 
is  below  the  tubercle. 

An  *  epipleural '  appendage,  fig.  12,  «,  is  attached  to  most,  if  not 
all,  the  moveable  pleurapoj)hyses  between  the  first  and  last,  and 
consequently  may  be  found  in  the  pair  of  which  the  centrum  has 
become  part  of  the  sacrum.  These  appendages  are  oblong  flat 
bones,  var\ing  in  the  proj>ortions  of  length  and  breadth  in  dif- 
ferent sjiecies,  and  also  in  their  mode  ot"  union  to  their  rib:  they 

'  X .  pi.  52,  fig.  48.  »  XI'.  pL  54.  ■  XII-. 
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are  directed  upward  and  backward,  usuaUy  overlapping  the  buo- 
ceedhig  rib.  In  the  Apteryx  they  occur  in  tlie  second  to  the 
eigiith  pair  of  ribs  inclusive,  and  are  articulated  by  a  broad  base 
to  a  fissure  in  the  hind  border  a  little  bdow  the  middle  of  the 
rib:  those  belonging  to  the  third — sixth  ribs  are  the  largest  and 
ovcrkp.  The  articulations  of  the  u])i)cn(lugc«^  jji  rsist  in  other 
wingless  birds,  including  tiic  Penguins  and  Auks ;  also  in  some 
birds  of  flight:  the  Rnptores  well  exemplify  the  coalesrenre  of  the 
appendage  with  its  rib.  Tlit'  apjR  ndages  to  some  of  the  ribs  in 
Picun  are  broader  than  tliov  are  hmj; :  the  lenjxth  much  exceeds 
the  breadth  in  ^xmiyz  Nututores  (  Uriu,  lAirus)  and  Grallutons 
{^Jlwrnatv/'fts,  Pkcenicopterm,  />/.  14). 

The  moveable  hiema|M>ph}  ses,  or  sr  i  nal  ril)s,  usually  begin  at 
the  third,  sometimes  the  second,  rarely,  as  in  the  Kuieu,  at  the 
fourth  pair,  more  raiclN ,  :i.s  in  the  Caiisowary,  at  the  fifth  pair,  of 
the  moveable  pleurapt»j»hyses ;  a  pair  of  sternal  ribs  may  also 
exist  answeriiiir  to  the  sejnnent  succeeflin^  ilie  last  nf"  those  which 
liave  th(»  h>ng  and  moveable  vertel>ral  rib:?  (  I'////wr).  Tlie 
Cfunmon  Tiun»l>er  of  such  luenuii>o]>hvses  is  six  pairs,  of  uhlcli  the 
first  five  aitlcuhile  with  the  sternum;  the  last  usually  havinm  its 
btcrual  end  attached  to  the  antecedent  one.  The  bjema]>oplivses 
nre  longest,  nio?it  slender  and  most  numerous  in  the  Guillemots 
and  Auks.  There  are  eight  pairs  in  Phnh nts,  Tennn.  ;  seven 
pairs  ill  Uria,  In  Jihra  and  Diiutrvi.^  eUplta itiupu»  but  three  pairs 
of  hiemapojthvses  artieidjitt'  with  the  sternum.  The  stornnl  ribs 
progressively  increase  in  length  from  the  fir>t  to  the  j»enii!tiniate. 
and  converge  towanls  the  costal  Iwrder  of  the  sternum,  where 
they  articulate  with  transverse  elevaticms  divided  by  narrow 
depressions.  Their  up[>er  end  is  but  little,  if  at  all,  ex])anded, 
and  its  articular  surface  is  sid>concave  ;  their  lower  or  sternal  end 
is  ex[>an<le<l  from  within  outward,  subcom{H'es<e<]  from  bef«>re 
biu'kward,  and  here  is  usually  found  tlie  pneinnatic  foramen.  In 
the  ostrich  the  sternal  end  supports  two  distinct  articular  surfaces, 
each  having  its  own  cii])sutar  and  synovial  articulation  with  part 
of  the  ctHital  eminence.'  The  joint  between  the  pi  ear-  and  ha;m- 
a|K>physes  is  .dso  synovuU  and  capsular.  This  is  the  main  centre 
U|Mm  which  the  respiratory  movements  hinge,  the  angles  between 
the  vertebral  and  stenud  ribs  and  between  these  and  the  sternum, 
becoming  open  in  inspiration  when  the  sternum  is  de> 

|)res.se<l,  and  the  contrary  when  thesternum  is  approximated  to  the 
dorsal  region  in  expiration.  In  some  birds,  chiefly  of  the  terres* 
trial  or  aquatic  kinds,  the  vertebral  and  sternal  portions  of  one  or 

*  XX-.  i.  \>.       no.  254. 
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more  of  the  last  pairs  of  thoracic  ribs  are  unconnected  with  eadi 
other,  in  the  skeleton ;  such  sternal  ribs  resembling  the  abdominal 
hannapophyses  in  Saurians,  or  the  *  intersections,*  ossified,  of  the 
rectus  abdominis  muscle  in  Mammals. 

The  modifications  of  the  sternum  in  Birds  relate  to  their 
faculty  of  flight ;  more  directly,  to  the  adequate  origin  of  the 
muscles  acting  upon  the  pectoral  limb,  less  directly  to  the  me- 
chanism of  respiration  needed  by  the  conditions  of  the  lungs ;  also, 
in  Ferchers,  to  sustaining  the  body  in  sleep. 

The  sternum  of  the  Bird  is  the  bony  ventral  wall  of  the  trunk, 

fig.  18,  60,  r;  it  is  not,  however,  the 
homologue  of  the  plastron  of  the  Tortdse, 
fifj^.  53,  p.  63,  vol.  i.,  hut  of  the  series  of 
haemal  spines  fonninj^  the  epistemiiin  und 
sternum  of  the  C'roe<Mlile  (ti<^.  56,  ]>.  68, 
/A.);  it  is  <levelope<U  in  most  liirtls,  fi*om 
t>ne  pair  of  ossitie  centres,  which,  eoaloscinL; 
ill  llic  uiidline,  usually  cousnlidate  the  »  ar- 
tila^inous  basis  of  the  keel  hy  continuous 
ossitication  therein. 

The  chief  parts  to  be  noted  in  the  liiril's 
sternum  are  the  *  b(Kly,'  Hg.  15,  o,  with  its 
notches  or  holes,  /,  /*;  the  'keel,'  fi^.  IH, 
s;  the  '  eostal  processes,'  HiT-  15,  ;  the 
'costal  ])orders,'  with  thiir  articular  sur- 
faces, fi«>:.  l.'>,  c;  the '  coracoi»l  Lrrooves,'  fi«^s. 
15  and  Hi,  d;  and  the  *  manubrium,'  fig.  15, 

The  body  may  be  almost  flat,  as  in 
Aptrrif r  and  Dinttrnis  ;  or  very  cimeavc, 
the  sides  being  bent  upward  at  an  acute  angle,  as  in  Atjut/n  ; 
it  is  eonunonly  less  concave  toward  the  trunk.  It  varies 
greatly  in  the  proportions  of  length  and  breadth :  the  latter 
dimension  is  in  excess  in  Aptert/x  and  Dinornis ;  the  breadth 
nearly  equals  the  length  in  other  Struthionidte,  the  Albatross, 
and  the  Pelican.  The  length  i)rogressivcly  gains  in  other  l>irds, 
until  it  becomes  four  times  the  breadth  of  the  sternum  in  Tina- 
mug,  fig.  14,  n.  Extreme  length  is  associate<l  with  ordinary 
breadth  in  the  sternum  of  the  Anscrines,  Auks,  Guillemots, 
many  Watlers,  diurnal  Raptores^  and  some  VoUtorrs,  reaching  to 
the  pel\4«,  and  occasionally  to  the  pubic  bones,  fig.  18,  $,p\  and 
requiring  removal  for  exiK)Sure  of  tin  nbdominal  cavity. 

Examples  of  an  *  entire '  sternal  body,  L  e.,  neither  notched  nor 


Qntottel  steniiUB,  Shrike. 
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perforated,  arc  aft'onled  bj  Swifts,  Humming-birds,  fig.  18,  some 
Eagles  {AquUa,  Fandion,  HalicttHs)  and  Pt  ticls  {Thakusidroma), 
in  oonnection  with  excessive  developement  of  the  bone  and  great 
powers  of  flight;  also  by  the  Emeu,  Rhea,  Cassowarj,  and  Notor- 
nis,  fig.  16,  where  the  bone  stops  short  of  the  parts  exhibiting  the 
notches  or  grooves  in  birds  of  flight,  and  retains  almost  the  small 
laocrtian  proportions,  fig.  17,  a.  The  oblong  and  not  very  large 
sternum  of  some  Cockatoos  (CalyptarhjfHchus)  is  entire;  in  the  - 


16  17 


Canvorlal  •tcrnum.  Nutorni«.  Larcrtbui  «<utuuui,  iguuta. 

Balearic  and  Demoiselle  Cranr<5,  in  the  Ibis  ( Tantalus  Ihis  )  \  in 
the  Agami  { l*soj>hia  ),  the  .'-in  hum  is  loiiir.  narrow,  and  entire. 
The  broad  stiTnuui  of  the  Frigatc-ldnl  (  'r<ii  lii/jn't>  s  )  and  the  long 
sternum  of  the  wingless  Auk  {Aha  ntnininU)  arc  iilst>  entire.' 

The  anterior  margin  of  the  sternal  \hA\  is  impressed  by  the  arti- 
cidar  cavities  for  the  coracoids.  In  Xofornis,  fig.  16,  /»,  JJitioruts 
and  Apteri/x  thoy  arc  sniall  ^llali(>\^  tlcprfssi^ms,  ?ionr  the  nntcr 
angles:  they  are  f>inulurly  j*ituutt'd,  l)nt  longrr  and  <li'('|M'r,  in  tin; 
Khca  and  CuKsownry  ;  are  more  cxtiMulril  ;nul  with  a  >li»»rtor  inter- 
space in  llir  n-.tfich.  In  birfis  <»!'  Hij^lu  tliov  arc  deep  gr<M»vcs, 
with  tlu'  upper  Ml  Inndcr  border  llii<'k<  ii('<l  jmd  mtivcx  in  many, 
attbrdinn  a  rniu  a\  o-ctm  \  ex  siirfaro  fnr  tlu-  luoa']  *  1 1  1  nl*  tlio  mrnrf^id. 
They  mostly  nicrt  at  the  midline:  tlu'v  are  eounnuous,  pcrloraliiig 
tire  l»a>e  of  tlic  manubrium,  in  S(tnic  (Jaliiitft  {  /rrrff'.r):  atid  have 
their  medial  cndtt  decussating,  extending  one  iu  advance  ui  the 
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other  across  the  midline  in  some  GrulltE  [Ardea);  and  in  a  sliirHt 
degree  in  some  diurnal  Raptores.  The  borders  of  the  coracoicl 
grooves  show  modificntions  characteristic  of  f^enera  and  species.* 
In  the  Albatross  the  coracoid  grooves  extend  to  ilu'  nul  r  angles 
of  the  sternnm,  between  //  aTi<l  >\  fig.  13.  In  most  iiiixis  with 
a  like  extent  of  groove  the  ui)])er  or  inner  border  is  developed 
behind  and  beyond  it  into  a  'costal  process:*  but  the  coracoid 
grooves  do  not  reach  the  outer  a?!ir1c  in  many  Birds,  and  the 
angle  itself  is  then  produced  to  form  the  ]irocess,  figs.  1,>,  19  and 
20,  Tt  is  long  and  slender  in  some  Ixnsorrs  {Prrdl.r);  short 
and  broad  in  most  Jiajifurrs :  but,  in  many  birds  it  is  rei)resentcd, 
as  in  the  Eajrles,  merely  l)V  the  an£jlc  between  the  anterior  and 
costal  borders.  On  an  avera";c  about  half  of  the  lateral  margin 
of  the  steriium  is  adajited  for  articnlatiug  with  the  dorsal  ha^ma- 
pophyses.  fig».  13,  It  d  and  15,  h'.  but,  when  the  sternum  is  huig, 
the  '  costal  Ijorder,"  fig.  15,  i\  \<  shorter;  and  when  the  stcrnino  is 
short  it  occupies  a  larger  extent  of  the  lateral  margin.  The  part 
ol'  the  bird's  sternum  answering  to  that  of  Mauunals  is  included 
between  the  costal  bonlers,  fig.  16,  r,  r  :  the  rest  corresponds  witk 
the  *  xiphoid  '  |)rolongation.  Thus  the  Aj>tcryx,  Emeu,  and  Ostrich 
most  resemble  Manunals  in  the  pro])(»rtions  of  the  costal  and  non- 
costal  })arts  of  the  sternum  ;  whilst  in  most  birds  of  flight  the  non- 
costal  jmrt,  Hg.  15,  /*,  extends  along  that  |>art  of  the  great  vi.sceral 
cavity,  which  would  be  Bimilarly  defeuded  were  the  xiphoid  car- 


tilage to  be  produced  and  expanded  in  the  same  degree  in  Man. 
In  the  Crocodile,  where  it  is  bo  produced,  without  expanding, 

'  The  Tfilue  of  these  and  other  sternal  characters  in  Talicoiuolugy  may  be  estimated 
bjr  reference  to  mjr  *  BritiBh  FoMil  Hammiils  and  Birds,'  p.  549  (XicAomtr),  and  |». 
936  iOthbaUt), 


Digitized  by  Google 


OSSEOUS  SY8TBM  OF  AV£S. 


2S 


thQ  costal  l)or(lcrs  are  co-ex  tended  tlierewith,  fig.  56,  p.  68,  vol.  i. 
In  most  Gallina:  the  lateral  margins  of  the  strriHini  are  dee[)ly 
ooncaye;  in  the  Guan  (Penelope)  ahnost  an  i^ulurly  incised,  with 
the  co8tal  border  on  the  anterior  slope.  In  the  Tinaniou,  fig.  14, 
B,  the  long  ninrn^in  beyond  the  short  costal  border  is  convex;  in 
many  Waders  {Flataha,  Phaenicopferus,  fig,  14,  C)  and  Swimmers 
( I*roeeliaria,  Diomedwn)  the  lateral  borders  are  straight  and  paral- 
lel, or  nearly  so:  in  Rhea,  Casuarius,  Dromniusy  iVbtorwis, fig.  16, 
they  oonveige  to  the  hind  border :  in  most  birds  the  lateral  borders 
are  moderately  concave  and  diverge,  figs.  15  and  20.  The  costal 
border  is  thickened,  and  divided  by  the  transverse  articular  ridges 
for  the  luemapophyses  into  hollows,  which  usually  show  pneumatic 
foramina.  The  modifications  of  the  posterior  border  will  be  noticed 
in  connection  with  the  sternal  characteristics  of  orders^  or  other 
groups,  of  Birds, 

The  part  of  the  sternum  bearing  the  most  direct  relation  to  the 
force  with  which  the  pectoral  limbs  are  worked  is  the  'keel,* 
figs.  18  and  19,  s.  In  order  to  afibrd  origin  to  the  accumulated 
fasciculi  of  the  pectoral  muscles,  which  otherwise  would  become 
blended  t4>gether  over  the  middle  of  the  sternum,  this  osseous  crest 
is  extended  downward,  analogous  to  the  cranial  crest  which  inter^ 
vcnes  to  the  temporal  muscles  in  the  carnivorous  mammalia ;  and 
which,  in  like  manner,  indicates  the  power  of  the  bite. 

The  keel  varies  in  depth,  length,  contour  of  the  front  and  lowef 
bonlers,  and  degree  of  production,  freedom,  or  otherwise  of  the 
angle  between  those  borders.  The  keel  is  long  and  deep  in  the 
wingless  Auk  and  Penguin,  relating  to  the  mass  of  muscle 
working  the  fore  limbs  as  tins  in  these  excellent  and  habitual  divers: 
in  the  Penguin  both  the  Tree  borders  are  straight,  and  meet  at 
rather  an  acute  angle,  fig.  19.  The  keel  is  dceji.  descending  ante- 
riorly far  below  tlie  furouluai  in  most  (tdllitmi  it  is  remote  from 
the  furcnliua  m  JJmosa^  J/>is,  Snilnjm.r  x  hut  touches  it  in  many 
other  Gralliftiin  s  (  Otis^  Ps<>iilii(i,  i'ironta ),  It  coalesces  wiili  the 
turcuhnu  in  (inis  Vir tf o  awd  Gnm  Autiyonr  ;  in  the  stilted  Vul- 
ture {Cri/pof/eram/s);  in  the  Frigate-bird  {'J^/r/ti/jufrs):  also  in 
the  IVlicnn  (  Ojiorrotalus),  Ciannct  (  Snlti),  and  in  old  Cormorants 
{Cftr/>«»),  the  tore  part  of  the  keel  being  much  produeed  in  tlie^e 
Xolipalmates.  The  koci  is  ihiek  in  the  few  binls  in  which  a 
fohl  of  the  windpipe  j»eiietrates  it  ;  the  anterictr  border  being 
excavated  to  a<lniit  llie  fold,  fn  the  larger  Jifij>fnrrfs  the  fn>nt 
bonier  of  the  Hteritum  is  rather  thick  mul  subcuriiiate.  The  outer 
surface  <it"  (he  sternum  show?  in  many  birds  a  *  cnriTial '  ridge,  a 
'  suhcoiatal '  ndgc  and  a  '  pectoral  *  ridge,  tiic  latter  defining  the 
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origin  of  the  '  pertoralis  sccmuhis/  The  siihcostal  ridc^c*  vario.^ 
in  its  distance  IVoin  the  costal  }>or(ler,  being  more  remote  in  Amilhi^ 
e.g.  than  in  Urhi:  tlie  pectoral  ridge  varies  in  position,  direction, 
and  extent.  In  the  Eatd?^  it  rc  aches  from  the  outer  end  of  the 
eorai'oid  trroove  to  the  muldle  t>f  the  hnse  of  tlic  keel.  In  the 
Uazor-l)ill  (Afrd  forJa)  it  extends  from  the  costal  border  to  the 
jvfistcrinr  sternal  noteii ;  these  ditferences  relate  to  the  fonn  and 
projM»rtion  of  the  jxt  forolis  smnnJus.  The  '  nianiihrium '  forms 
Imt  a  small  portion  of  the  stermnn.  ami  is  often  absent  or  rudi- 
mentary: it  may  be  eom])resst'<l,  s[)atulat(',  long  and  simple,  or 
bilureate;  the  latter  is  its  eharacter  in  all  CantoreSy  fig,  15,  e. 

The  parts  of  the  ?ternnm  of  the  Lizard,  fig.  17,  homologous 
with  parts  of  the  sternum  of  the  liird  are  those  forming  the 
'  eoraroid  groove,'  ib.  the  '  costal  border/  ib.  r,  c,  and  the 
median  lione,  passing  forward  to  join  the  clavicles,  ib.  h^. 
The  broad  fiat  bone,  including  the  first  two  parts,  exists  in  all 
birds;  the  third,  or  *  episternal '  part,  is  wanting  as  a  distinct 
element,  but  its  positions  and  eonneetions  are  rejuated  by  the 
exogenous  keel  and  *  manubrium.'  The  episternnm,  moreover,  is 
not  present  in  all  Lizanls :  it  is  wanting  in  the  Chameleons,  e.  g., 
in  which  the  sternum  partakes  of  the  simplicity  of  that  in  the 
Kotornis,  fig.  16,  the  Apteryx  and  Emeu. 

In  the  Apteryx  the  anterior  border  of  the  sternum  between 
the  coracoid  grooves  is  c«^ncavc,  and  the  posterior  border  has  a 
deep  and  wide  emargination  on  each  side.  In  the  Emeu  the 
coracoid  grooves  meet  at  the  middle  of  the  anterior  border ;  and 
the  sternum  contracts  posteriorly  to  an  obtuse  {wint.  The  ster- 
num is  rhomboid,  also,  in  the  Cassowary :  it  is  broader  in  pro- 
portion to  its  length,  and  subquadrate  in  the  Ostrich.  In 
Xotornis,  fig.  16,  the  costal  borders  converge  posteriorly,  as  in 
Lizards,  and  the  narrow  breast-l)onc  is  continued  as  a  *  xiphoid  * 
part,  gradually  contracting  to  a  blunt  jioint.  The  depressions,  fio, 
for  the  pectoral  muscles  arc  separated  by  a  narrow  median  tract, 
expanding  anteriorly,  59,  and  showing  the  beginning  of  the  *  keel.' 
In  Brnchi/ptcryx^  the  keel  is  rather  raore  prominent:  two  obtuse 
ridges  diverge  from  its  fore-part  to  the  coracoid  grooves,  between 
which  the  fore  margin  is  deeplj  concave,  as  in  the  Apteryx. 
There  is  no  distinct  ossific  centre  for  the  keel  in  BrorlnipU'ryXy 
any  more  than  in  its  feebler  rudiment  in  Notoniis,  In  all  these 
keel-less  sternums  ossification  begins,  as  in  the  Ostrich^,  by  a 
pair  of  centres  expanding  until  they  meet  and  coalesce  in  the 

*  xuv.  p,  238,  no.  1280.  >  lb.  p.  264,  no.  1366. 
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iiiiiMir  line,  and  tliunc'.  n'-coixling  to  tlu'  ^tiiuulius  of  the  growth 
ami  I  i  <'s>uf('  of  the  pectoral  miisol(\<.  cxtciKliiiLr,  a  keel,  into 
the  iiii  t  rspace.  A  poparate  osisiti*  n  1  i  *ii  answering  t*)  the  epi- 
ptennnii  in  Lizards  and  C'locodiles  i.'^  not  fonned :  but  the  Ixxlv  of 
the  sterimm  with  the  keel  lias  a  contrc  distinct  from  tiiat  ot  tlic 
long  hifiireate  side-processes,  exceptionally,  in  GalUnfe. 

In  the  Pengnins,  fig.  19,  the  sternum  is  long  and  narrow,  with 
a  deep  fissure, /*,  on  each  side  of  the  posterior  border:  the  free 
borders  of  the  well-developed  k(>el  are  straight,  and  meet  at  an 
acute  angle,  which  almost  touches  the  furculum.  There  k  a 
short  manubrium,    behind  which  the  coracoid  grooveB,  meet. 


8(<rruuni,  M'fti>ular  arch,  and  litu)>.  lVii>riMi\  i.\i>uni>dyU4\ 


In  the  Auks  and  (jullit'mots  the  stenunn  '  is  very  long  and 
!i.it  i(»w;  the  lower  border  of  the  kcol  is  convex,  the  front  one 
t(nn:i\('  ;  the  nmnuluinm  is  short  and  wedge-shaped;  the  sternum 
is  I'ntire  in  Alcti  nn/xntih;  but  has  a  narrow  notch  on  each  side 
thf  posterior  burdcr  in  Alt/i  tordfiy  to  which  the  )»<M'tt»ral  ridge  ex- 
tends from  tlie  costal  bonier;  the  notchc-^  arc  tunverled  into  fora- 
mina in  t  rill  anil  /*/iff/i  ris  piffftufpft.  The  lioons  (  0>///Wi»WA)  have 
:i  simihir  two-notched  stenuun,  hnt  \\ilh  hirgcr  costal  hoi-d(M*s. 
In  the  (iri'bf's  (  /*odict'ps),  the  sternnni  i>  hroatler:  and  there  i>  a 
median  notch  between  tiic  two  lateral  po^iterior  uuet^.    lu  the 

•  XI)'. 
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Skimmers,  Gulls,  and  Terns,  the  stL-rniim  has  two  .shall* iw  notciic^s 
on  eaeh  side  the  posterior  margin.  Jii  the  Petrels  un<]  Alhatross 
the  posterior  border  is  feebly  incised  or  entire  ;nul  llu  st(  rmnii  ac- 
quires parent  breadth,  esjieeially  in  the  Alhatross.  Tlie  keel  reiielies 
the  furculurn  in  all  the  Lon^ipennate  family.  In  the  J\  hc(iiiidfp, 
confluence  of  the  two  l)ones  usuall}-  liere  occurs;  there  is  a  pair  of 
shallow  |X)St<iriur  emnviriTiations.  In  the  Lamellirostrals  the  ster- 
num is  both  ]ar«re  and  long,  boat-shaped,  with  extensive  costal 
borders;  the  keel  is  of  moderate  depth,  with  almost  straiL'^ht  free 
borders,  excavated  for  tracheal  folds  in  some  swans:  there  is  a 
short  notch  or  small  foramen  on  each  side  the  broud  jxjsterior 
maririn  in  all  the  Sifters;  the  manubrium  curves  downward  in 
many.  The  Flamingo's  sternum  is  given  in  fii;.  14,  r.  The  forc- 
irointr  diversities  of  sternal  structure  in  the  web-fooh  il  l  ii  l'^  Indi- 
cafe  from  how  nuuiv  ty])es  they  have  bccu  derived,  and  hhuws  the 
artiticial  character  of  the  wcbbed-lbot. 

The  same  testimony  is  borne  by  the  l)reast-bone  of  the  long- 
leirged  liirds,  from  which,  in  some  instances,  the  species  have 
been  detache<l  when  the  truer  atHnities  were  suflieicntly  strongly 
marked,  as,  e.  l;".,  the  Flamingo  to  the  Sifters  or  Lamellirostrals; 
the  Secretary  liird  to  the  Vultures;  and  the  Couas  to  the  Cuc- 
koos. In  the  long  and  narrow  sternum  of  the  Coots  and  Rails 
the  two  jMistcrior  notches  are  deep,  with  the  outer  l)oundary  the 
longest,  and  Brachypteryx  shows  a  third  intermediate  shallow 
notch. 

The  litis  and  Spooidiill  have  a  four-notched  sternum  ;  the  Ad- 
jutants and  Herons  have  a  two-notclicd  one;  the  notches  are  short 
in  both.  Peculiarities  in  the  breast-bone  of  certain  Cranes  have 
already  been  noticed.  The  A\'oodcock  {Srohipax)  has  a  pair  of 
notclies,  with  the  onter  boundary  slender  and  shorter  than  the 
broad  intermediate  tract ;  the  Gambets  (  Totanus)^  Avocets,  Sand- 
pi[>ers  (Trinfj/a)y  Curlews  {Niijue?uus)^  Pratincoles  i^Glareola)y 
have  the  four-notched  sternum.  In  the  Godwits  (Limosuy  Helins), 
the  medial  notches  are  almost  obsolete,  and  the  lateral  ones  wide. 
The  *  Thick-knees '  (ffi'/Z/c/i^/wM^)  and  Bustanls  (^OtU)  have  the 
four- notched  sternum,  the  notches  being  small. 

In  the  Gallinaceous  group  of  Rasores,  the  four  posterior  notches 
are  so  wide  and  deep  as  ijo  reduce  the  bony  parts  of  the  sternum 
almost  to  five  slender  processes,  diverging  from  a  short  and 
broad  anterior  stem,  and  the  points  of  ossification  are  multiplied 
accordingly.  The  middle  process  is  the  broadest,  and  from  it  is 
developed  the  keel,  of  which,  in  some  (Ortyx^  Perdix),  it  pcems 
to  be  almost  wholly  composed.    As  the  median  pair  of  notches 
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IS  usually  deepest,  tlie  processes  on  each  side  the  mid  one  a[)pear 
as  urn'ijiial,  styhlorni,  terminally  expanded,  |)roii;:i;s  of  a  fork,  the 
outer  pn)ng  beinj;  the  shortest.  The  costal  border  is  very  short, 
nnd  i>  rontinued  upon  the  costal  procejjs,  which  is  lon<T :  the 
manubrium  is  cuniprcsned  and  terminally  dllatcMl  and  deflected, 
often  perforated  transversely  by  confluence  of  the  short  cora- 
coid  grooves.  The  fowls  {G alius) j  pheasants  (Phasiamis),  par- 
tridges {PerdiXf  Francoliuus),  quails  (^Coturnixy  Ortyx,  Loph- 
ortyx)^  grouae  ( Tetrao),  exemplify  the  galliDaceous  type  of  the 
sternum. 

In  the  Turkeys  {Meleagru),  Pea-fowl  {Pavn)^  aod  Kaleeges 
(Poh/plt'ctrorty  LophophoruSt  Oreophaxis)^  the  sternum  is  more 
omiiied,  and  the  lateral  processes  are  shorter  and  broader;  in  the 
Curassows  {Crux,  Ourax),  they  present  the  proportions  shown  in 
fig,  14,  A.  Id  the  Gangas  or  Sand-grouse  {Pteroeles,  Syrrhaptes), 
the  outer  pair  of  notches  are  chiefly  present,  the  inner  pair 
nearly  obsolete';  in  the  Tinamous^  they  are  wanting,  the  outer 
notches  ar(?  of  extreme  length,  and  the  whole  sternum  is  reduced 
to  a  triiid  form,  as  in  fig.  14,  B,  The  sternum  of  Columha  coronata 
resembles  that  of  the  CuraBsow,  with  the  median  pair  of  notches 
shorter  and  narrower.  In  Columha  magnificat t  the  four  notches 
are  more  equal  in  si/e,  and  the  whole  sternum  is  broader.  In  the 
Columha  lima  the  median  pair  of  notches  are  often  converted  into 
small  forainiici. 

The  transitional  steps  in  the  foregoing  series  from  the  type- 
sternum  of  Galliwt  to  that  of  the  swiftest  of  the  doves  indicate 
the  natural  character  of  the  order  Jtasores, 

In  diurnal  Rapiores  the  sternum  is  a  large  elongate  paral- 
leiogram,  convex  outwardly  both  transversely  and  longitudinally. 
The  manubrium  is  short  and  trihedral ;  the  lower  border  of  the 
keel  is  convex;  the  front  border  concave;  their  angle  of  union 
rounded  off.  The  instances  where  the  sternum  is  entire  have 
been  cited:  in  other  birds  of  prey  the  arrest  of  ossification  is 
limited  to  very  small  parts  of  the  hind  border ;  usually  a  fora- 
men, rarely  a  notch  {Sareoramphut),  on  each  side;  one  of 
which  may  be  filled  up,  wholly  or  partially.  Kyton^  figures 
two  small  notches  on  each  side  the  posterior  border  in  Hierax 
ben^alfn$ii ;  and  both  hole  and  notch  on  each  side  in  CatharttH 
aura.  In  the  Nocturnal  Baptores  the  sternum  is  relatively 
shorter,  the  keel  less  deep,  its  lower  margin  less  convex  and  not 
thickened,  the  costal  border  is  shorter*  The  posterior  margin 
usually  yjrescnts  two  notches  on  each  pido,  the  outer  one  the 

'  xxn:  p.  Si£»  fig.  10?.      *  lb.  p.  23U,  fig.  UO.      *  xiv.  pL  S  o.      *       pi  1 8. 
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clcc]>cst ;  but  the  Barn-owl  (Sfrix  flainmca)  ha.s  but  one  on  each 
skle;  while  Sfrix  praticnla  shows  a  third  intervening  notch.' 

In  the  Ciuitores  the  sternum,  fijj.  15,  is  broadest  behind,  with 
the  lateral  margins  slightly  concave,  the  costal,  r,  usually  meetinof 
the  rest  of  the  margin  at  a  very  open  angle.  The  keel  ha^  a 
convex  h)wer  border  meeting  the  concave  front  border  at  a  sharp 
angle :  the  manubrium  e,  is  bifurcate :  the  costal  processes,  r/,  are 

broad  and  flat:  the  jtoaterior  border 
has  a  notch, /*,  usually  of  angular  form, 
on  each  side,  near  the  lateral  margin, 
and  with  this  outer  boundary  termi- 
nallv  dilated. 

Among  the  Scansnres  the  Toucans, 
Barbcts,  Touracos,  and  Woodj)eckers, 
fig.  20,  have  a  four-notched  sternum  : 
the  Cuckoos  have  but  one  pair  of  short 
notches  ;  many  Parrots  {Psittorus  pro- 
per, Pt'zopoms)  have  one  pair  of  small 
foramina,  and  Cfih/pforht/nrhus  has  the 
sternum  entire :  it  is  keel-less  in  Stri- 
f/opx.  In  most  jmrrots  the  costal  border 
is  extensive ;  the  manubrium  is  trihe- 
dral and  trunciite.  None  of  the  Scan- 
sores  have  the  manubrium  l)ifurcate  ;  it 
may  be  notched;  in  most  it  is  small ;  in 
some  (  Cncnlus^  Rdinjthnstos)  ol>solete. 

In  the  Volitores,  as  a  rule,  the 
]K)sterior  border  of  the  sternum  has  a 
pair  of  notches  on  each  side:  the  Eurylaim  and  Ilooj>oe  have 
one  notch  or  f»)ramcn  on  each  side.  The  Ilornbills,  Swifts,  and 
Ilunnning-birds  have  the  sternum  entire.  In  none  of  this 
group  is  the  manubrium  bifurcate:  it  is  wanting  in  Podargus, 
Ilurpnrtrs^  Todiis',  the  costal  process  is  wanting  in  some.  In 
the  Swifts  {Ct/psrhis)  the  sternum  corresponds  in  its  proportional 
magnitude  with  the  superior  length  and  power  of  wing  which 
characterizes  the  genus:  the  depth  of  the  keel  equals  the  breadth 
of  the  entire  bone.  The  manubrial  process  is  wanting,  but  the 
costal  processes  are  moderately  long  and  pointed. 

In  the  Humming-birds,  which  sustain  themselves  on  the  wing 
during  the  greater  part  of  the  day,  and  hover  above  the  plant 
while  extracting  its  juices,  the  sternum,  r,  s,  fig.  18,  is  still 


Btcniuni  oiid  nrai-ular  arrh,  W<x)d|icrkiT, 
incut). 
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further  developed  as  compared  with  the  body ;  it  approaches  to  a 
triangular  form,  expandinp^  posteriorly, 
whore  the  marj^in  is  entire,  and  convex. 
The  depth  of*  tlie  keel  exceeds  the  entire 
breadth  of  the  sternum.  The  coraeoid 
depressions  are  deeply  trochlear:  the 
mamihrial  process  is  small,  and  directed 
upwanl ;  the  costal  processes  are  also  })rc- 
sent,  hut  of  small  size:  the  costal  border 
is  8hort.  In  tlii'se  j»rc-cuiinently  volant 
Vertebrates,  the  breast-bone  reached  the 
uiaxiuHun  of  develo])ement. 

§  126.  Siiri'fil  ]'f'rfr//r(p.-  In  vertebr:it(^ 
anatomy  the  term  '  sacrum'  is  a])plied  to 
the  centrum  and  neural  arch  of  the  ver- 
tebra, haviuu;  its  h;emal  arch  complete,  as 
in  the  thorax,  but  with  its  appendage  de- 
veloped into  a  hind-limb  (vol.  i,  figs.  101, 
Dand  114).  If  two  or  more  vertebras  coalesce  beyond  the  thorax, 
they  are  likewise  said  to  form  *  a  sacrum/  although  Init  one  may 
be  typically  complete,  and  the  rest  support  only  stunted  pleura- 
pophyses.  In  all  warm-blooded  Vertebrates  the  sacrum,  when 
present,  is  so  characterized,  and  confluence  is  carried  to  an 
extreme  in  birds,  converting  a  large  proportion  of  the  vertebral 
column  into  a  'sacrum,*  flg.  21,  s,  a,  e,  which  in  the  Ostrich  may 
include  seventeen  or  more  vcrtcbnc.  Thirteen  is  the  average 
number  in  Natatores,  twelve  in  Grallatores  and  y?a<0iv»,  eleven  in 
Altriees  or  the  higher  birds  of  flight' 

In  analyzing  this  most  complex  of  all  compound  bones,  in  a 
young  Ostrich  ^,  I  find  the  centrum  of  the  first  sacral  vertebra 
distinct,  although  its  neural  arch  and  spine  have  coalesced  with 
those  of  the  second  vertebra  and  with  the  ilia.  Traces  of  the 
articulation  between  the  centnim  of  the  second  and  third  sacral 
vertebra  remain :  they  are  obliterated  in  the  remaining  vertebne, 
and  the  bodies  of  all  are  cellular  and  permeated  by  air. 

The  pleurapophysis  of  the  first  sacral  retains  its  moveable 
articulation  to  the  par*  and  di-apophyses  of  its  vertebra;  it  is 
long,  slender,  and  terminates  in  a  free  point  That  of  the  second 
sacnd  vertebra  is  styliform,  half  the  length  of  the  preceding,  and 
terminates  in  a  free  projecting  downward  and  backward; 
its  head  and  tubercle,  free  in  the  young  bird,  become  confluent 

•  Sec  the  Tal.le  in  vu'.  p.  271. 

•  No8.  l»35  anil  1837,  Oslcol.  Scries,  Muu.  Coll.  Chir. 
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in  the  full-grown.  The  third  aacrai  has  no  plcurapophysiB:  its 
parapophjsis  is  a  stuni])y  process ;  its  diapophysis  h  longer  and 
abut8  against  the  ilium.  In  the  fourth  sacral  both  par^  and 
di-a|X)phy8eB  abut  against  the  ilium. 

The  neural  arch  of  the  fifth  sacral  vertebra  has  advanced  and 
rests  over  the  interspace  between  its  own  and  the  preceding 
centram:  this  interlocking  relation  continues  to  the  eleventh 
vertebra,  where  the  arch  resumes  its  normal  position  and  con- 
nections. The  pleurapophyses  of  the  fifth  to  the  ctcvcuth  sa- 
cral vertebne  in^usive  have  undergone  a  corres[)onding  change 
of  position^  and  are  synchondrosed  by  an  expanded  head  to  a 
rough  fiat  surface  formed  by  the  base  of  the  neurapophysis  and 
by  a  portion  of  their  own  and  of  the  preceding  centrum :  their 
distal  extremities  expand  and  coalesce,  forming  a  broad  abutment 
applied  to  the  iliac  bones.  The  diapophyses  are  directed  upward 
and  outward  against  the  same  part,  and  are  of  considerable 
length,  especially  in  the  ninth  to  the  fifteenth  sacral  vertebne. 
The  dilated  part  of  the  neural  canal  is  formed  by  the  increased 
breadth  and  fiatness  of  the  centrums,  and  by  the  wide  expanse  of 
the  neural  arches  at  the  middle  of  the  sacrum.  In  the  seventh 
to  the  ninth  of  these  arches  there  is  a  wide  aperture  in  each 
between  the  diapophysis  and  the  base  of  the  spine.  The  outlets 
for  the  nerves  are  single  and  at  the  interspace  of  the  neural 
arches,  but  those  at  the  middle  of  the  canal  show  two  grooves  for 
the  separate  exit  of  the  motor  and  sensory  roots. 

The  spines  of  all  the  vertebrae  are  lofty,  and  already  confluent 
with  each  other  at  the  middle  of  the  sacrum.  They  are  com- 
pressed from  before  backward,  consist  of  little  more  than  a  lace- 
work  of  osseous  tissue,  and  diverge  in  curves  from  the  neural 
arches,  through  the  interspace  between  the  iliac  bones,  with  both 
of  which  their  lateral  margins  are  confluent,  and  which  they 
thus  serve  to  bind  firmly  together.  By  the  peculiar  cellular 
and  pneumatic  structure  of  the  parts,  not  more  osseous  texture 
is  expended  in  performing  the  ofiSce  of  tie-beams  across  the 
elongated  roof  of  the  pelvis  than  is  absolutely  required.  The 
last  seven  vertebrae  are  seen  between  the  narrow  parts  of  the 
ilia  produced  backward  beyond  the  acetabula,  until  full-growth, 
when  ossification  extends  from  the  summits  of  the  spines  brid<:inrjr 
over  the  interval,  leaving  only  a  linear  fissure  on  each  side,  fig.  24. 
In  the  Cassowary  a  few  pairs  of  foramina  similarly  indicate  the 
last  three  or  four  sacral-vertebrae. 

In  the  Apt  cry  X  the  first  four  sacral  vertebrae  send  outwards 
parapophyses  which  abut  against  the  ilia,  and  progressively 
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increase  in  length  and  thickness.  The  breadth  of  these  vertebrae 
also  (rniduaUy  increases;  but  it  diminishes  in  the  four  succeeding 
vertebne,  in  which  the  parapophjses  are  wanting :  then  the  ninth 
and  tenth  sacral  vertebrae  send  outward  each  a  pair  of  strong 
parapophyses  to  abut  against  the  inner  surface  of  the  ossa  inno- 
minate immediately  behind  the  acetabulum :  the  anchylosis  of  the 
bodies  is  continued  through  the  four  succeeding  vertebrae,  which 
are  of  a  very  simple  structure,  devoid  of  transverse  or  oblique 
processes,  becoming  gradually  more  compressed  and  more  extended 
vertically,  so  as  to  appear  like  mere  bony  lamina;;  the  lino  of  tin* 
articulation  between  tlie  bodies  of  thtse  posterior  sacral  vert('l)r;e 
is  (ihviiHis,  but  their  spines  ct»alesce  to  form  a  ccmtinuous  bony 
rid«^e,  which  is  closely  embraced  by  the  j)Osteriur  extremities  oi 
the  ilia.  The  foramina  for  the  nerves  are  pierced  in  the  sides  of 
the  bodies  ot  tlie  sacral  vertcbne;  they  are  double  in  the  anti  rior 
imcs,  but  single  in  the  |>osterior  comj)re8sed  vertcbraj,  where  tliey 
arc  seen  close  to  the  posterior  niarunn. 

The  s])e(  ies  of  Jh'imr/n's  -li  u  from  17  to  20  sacral  vertel)r.e. 
In  IJ.  rnhustit^  thr  pleiirajiopli vses  of  the  fir<t  retain  their  move- 
able articulations:  iho.se  oi' tlie  sectjud  and  third  arc  anchyhjsed, 
but  project  fVcelv  beyond  tlie  ilia  :  those  of  the  iuurth  to  the 
riL:;hth  abut  as  para|M)pb vses  a<xainst  the  ilia,  the  la!*t,  which  is  (tppn- 
site  the  aeetubula,  bemLT  the  tiiirkest  :  those  and  the  lour  iollowlno- 
sacrals,  which  have  no  parapophyso,  are  very  short :  from  the  thir- 
teenth to  the  twentieth  saeral  the  parajKjphysial  buttresses  reap- 
pear, and  the  vertebra;  increas(»  in  length.  A  continuous  bony 
r(H)f  nf  the  pelvis  extends  from  the  sacral  spines  to  the  ilia.  Wlien 
vertieallv  and  lonj^itudinallv  bisecte<l,  the  sacrum  shows  the  jrreat 
ex|)an8eof  the  canal  for  that  part  of  the  myelon  in  connection  with 
the  nerves  of  the  larn;e  and  stnmg  hinder  extremities.  All  traces 
of  the  original  joints  between  the  bodies  of  the  vertebne,  vnX\\  the 
exception  of  the  lai^t,  are  obliterated.  The  primitive  distinction 
of  the  neural  arches  is  indicated  by  undulating  transverse  folds  of 
the  roof  of  the  spinal  canal :  the  motor  and  sensitive  roots  issue 
seimratety,  as  in  other  birds. 

In  the  Penguins  {Aptetio(h/te.t)  the  sacrum  forms  the  middle 
third  of  the  upper  surfiiceof  the  pelvis :  in  Padiecpi  and  Columbus 
the  ilia  converge  to  the  sununits  of  the  posterior  sacral  spines :  in 
Uria^  Diomedeai  Procellaria^  and  the  Anatid<B  they  converge  to 
the  anterior  ones,  fig.  22,  h.  P  tii  s  of  foramina  usually  indicate  the 
sacral  vertebne,  forming  a  broader  posterior  nacral  roof  (ib»  fl,  c), 
of  the  pelvis :  but  in  the  Petrels  ossification  obliterates  them.  In 
most  GraliaiorfM  the  ilia  come  near  to  the  neurospinal  ridge,  ib.  ^, 
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of  the  anterior  saeral  vertel)rie ;  whilst  the  j>ostcrior  ones  form  a 
broad  nii(l<llc  tract  of  that  ]iart  of  tlie  pelvic  rooi':  usually  pciforatcd 
hy  pairs  of  foramina,  as  in  the  Duck,  but  beconiinj^  obliterateil 

more  or  less  in  Scolopaxj  Ptili- 


voptis^  Psophiny  Scops,  Ibis,  and 
perhaps  in  others  with  age.  In 
most  Gdllinacea,  ineludinj^  the 
Doves,  the  ilia  converge  to  a 
less  proportion  of  the  anterior 
sacral  spines,  and  the  space  at 
the  middle  and  ]K>sterior  jiart 
of  the  j^elvis  foraied  by  the  sa- 
crum, fig.  21,  r,  is  both  broad 
and  long.  In  the  Tinumus 
hrrisiiicjists,  figured  by  Kvton, 
this  part  of  the  roof  is  almost 
wholly  ossified,  as  it  likewise  is 
in  Orcophasis  derbianus,  where 
a  ])air  of  oblique  grooves  lead 
forwards,  deej)ening,  to  *  ilio- 
neural '  canals  beneath  the  an- 
terior sacro*  iliac  bony  r(H)f  on 
each  si<lc  the  neurospinal  ridge. 
In  HemlpodiuSj  Columbdy  and 
Gouruy  the  pairs  of  foramina  in 
the  sacral  i)art  of  the  jielvic  rcwf 
are  very  small ;  in  Crnx  Mitu 
they  continue  large  to  a  late 
])eriod.  The  ilio-neural  grooves  and  canals  are  seen  in  most 
GalUiKC  as  in  Orcophasis. 

In  Ct/jitores,  VoUtorcs,  Scansorcs,  and  Rnptores,  t]»c  proportion 
of  the  hind-part  of  the  ])elvic  roof  formed  by  a  neural  expanse  of 
the  sacrum  is  less  than  in  Gallincc.  the  ilioneural  gn)oves  are 
commonly  wanting.  The  bony  roof  is  entire  in  Ncomorpha, 
CcfifropitSj  Psittacusy  Palcoy  At/utla:  and  the  parial  foramina  are 
very  small  in  Ci/psclnSj  Troch'this^  Cassicus^  Prcf/iluSy  and  most 
Cantores :  the  ileoneural  grooves  are  j)resent  in  Turacus  (/iffasy 
and  are  oj)en  canals  in  Cf/psirhinn  and  some  others.  In  the 
diurnal  Raptorcs  the  pelvic  roof,  of  which  the  sacrum  contributes 
a  broad  medial  tract  to  about  a  third  of  the  hinder  ]>ortion,  is 
strongly  and  very  completely  ossified,  fig.  23.  The  ribs  of  the 
first  two  vertebrie  retain  their  moveable  joints  :  in  the  third  to  the 
sixth  vertebnc  they  abut  as  |)arapophyses  against  the  lower  border 
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of  the  ilia;  the  seventh  to  the  tenth  vertebm  have  no  parapo* 
physes ;  the  eleroith  to  the  fi>iirteenth  have  them  long  and  strongy 
thickest  in  the  last  All 
these  abutments,  with  the 
expansions  from  the  neural 
spines,  coalesce  with  the  in- 
nominata  and  convert  the 
pelvis  into  one  complex 
mass  o€  bone. 

The  iliac,  ischial,  and 
pubic  elements  are  deve- 
loped as  distinct  bones,  but 
speedily  coalesce  at  their 
point  of  junction  around 
tlic  acetabulum  and  usually 
elsewhere :  their  indepen- 
dence is  longest  maintained 
in  the  Cursores.^  Ossifi- 
cation beg:ins  in  each  from 
a  single  point,  even  in  the 
much  elongated  ilium  of 
Strut/iio  and  Dromaius. 
This  bone  is,  in  tact,  a 
single  vertebral  element, 
or  rather  j)art  of  one ;  it  is 
homologous  witli  the  j»elvic 
bone,  62,  in  figs.  4.1  and 
101,  D  (vol.  i.),  and  with 
62  in  fig.  28,  p.  159,  of  my 
work  on  the  *  Archetype 
Skeleton'  (cxl.  vol.  i.), 
where  it  is  shown  to  com- 
plete the  pleurapopliysial  element  of  the  pelvic  haimal  arch ; 
tlic  ischium  being  tlie  lucmapophysis  of  the  same  arch.  The 
ilium  in  Birds,  figs.  21  and  22,  d\  A,  fig.  23,  h,  fig.  24,  r,  c', 
is  remarkable  for  its  developement  in  the  direction  of  the 
axis  of  tlie  vertebral  column,  extending  its  conncctiims  with 
many  more  segments  tliaii  its  own:  it  is  accordingly  long  and 
narrow,  thickest  midway,  fig.  22,  /*,  where  it  contributes  the  uj)per 
wall  of  the  acetabulum,  ib.  /,  in  front  of  which,  d,  it  is  outwardly 
concave;  behind  the  acetabulum,  ib.     h,  it  is  convex.    It  differs 
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in  the  proportions  of  the  pre-acetabular  and  pos^-acetabular  exten- 
sions, and  in  the  degree  of  divergence  of  the  latter  from  the  sacrum. 
The  loDgest  and  narrowest  ilia  are  seen  in  certain  Natatores  (Po- 
dicepsy  Coli/mbus,  fig.  34,  «,  «/,  Uria)  and  in  Cursorcs  ( Stntfhin, 
fig.  24,  b,  c\  Dromauis):  the  shortest  and  broadest  ilia  are  s^ccn 
in  certain  Volitores,  ScansoreSy  and  Insessores.    In  the  Grebe  and 
Loon  the  ilia  unite  with  the  summits  of  the  sacral  spines  beliiud 
the  acetabula,  and  diverge  for  a  broader  interposed  neural  expan- 
sion anteriorly  :  in  most  birds  the  divergence  is  shown  at  the  post- 
acetabular  portions,  as  in  fig.  22,         the  pre-acetabular  plates 
<Z,  dy  converging  to  the  summits  of  the  sacral  spines,  ib.  h.    A  few 
birds  {Podargusy  Tachgpetes)  retain  the  extent  of  sacral  interpo- 
sition which  obtains  at  an  early  stage  of  pelvic  developement  in  all 
birds.*    In  the  old  Apti  n/x  the  ilia  almost  meet  along  the  siiinmit 
of  the  sacral  ri<l<i;e  to  within  a  short  distance  of  their  hind  end, 
where  an  epipliysial  ]>ief"e  of  bone  is  sometimes  found  Avedged 
between  this  end  and  the  anterior  caudal  vertcl)ra?.     The  anterior 
border  of  the  ilium  is  usually  more  or  less  convex  :  in  Tinamusy 
Craxy  OnorrntnhiSy  it  is  almost  straight :  in  Geococei/x,  Cnrj/fhaix, 
Scolrphagusy  it  is  emarginate  or  concave,  the  external  angle  heinj; 
])ro(lueeel  outward ;  in  Limosa  it  is  angular ;  the  point  being 
formed  by  the  commencement  of  the  *  gluteal  ridge this,  which 
is  well-marked  in  most  birds,  describes  a  curve,  concave  down- 
ward, and  terminates  above  or  behind  the  acetabulum,  as  at/, 
fig.  22,  marking  olf  the  post-acetabniar  convex  part  of  the  ilium, 
gy  h.    This  i)art  is  the  longest  in  Grebes,  Loons,  fig.  34,  d,  and 
the  Ostrich,  fig.  24,  r  :  it  is  the  sliorter  division  in  Petrels,  Gulls, 
Cranes,  and  moRt  smaller  GmHutoreSy  in  the  Aptcin/Xy  in  most 
Insessores,  and  esjtecially  in  diurnal  Jiaptores,  fig.  2.3,      / :  in 
many  birds  it  forms  half  the  length  of  the  ilinni.    In  some  birds 
(^Cursores)  it  is  narrower  than  the  fore  j^art  of  the  ilium;  in 
others,  especially  Geococcjjx.  it  is  broader:  in  most  the  breadth  is 
about  equal,  although  the  ilium  may  seem  broadest  behind  from 
its  coalescence  with  the  horizontal  expanjiions  from  the  sacral 
spines.    The  upper  is  divided  from  the  outer  surface  of  the  jwst- 
acctabnlar  part  of  the  ilimn  by  a  ])rominent  ridge  in  most  hmhy 
fig.  22,  ff,  which  generally  overhangs  the  outer  surface ;  in 
Geococcyx  to  a  remarkable  extent,  like  a  wide  pent-house,  pro- 
ducing a  deep  concavity  in  the  outer  and  back  ])art  (d"the  iliuui 
where  it  coale!?ces  vd\\\  the  i.>chiuui.   This  coalescence,  converting 
the  ischiadic  notch  into  a  foramen,  fig.  22,    fig.  23,  h,  is  common 
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to  Diost  l)irds.  It  docs  not  take  place  in  Aptcryxj  DinomiSf 
Struthio,  fig.  24,  c'.  The  ilium  funns  an  angular  projectiou  uljovo 
tiie  jxtsterior  ischial  junction  in  the  Albatross,  Skimmer,  Duck, 
fig.  22,  n.  Ibis,  Si>oon-bilI,  Woodcock,  Pigeon,  most  Vol i tores 
and  Insessnrt s.  The  principal  pneumatic  foranKu  ot'  the  ilium 
is  on  the  outer  and  under  part  of  the  post~ace tabular  di^i^^ion. 
The  ilium  devclopes  an  oblong  articular  surface  on  the  pro- 
minence extending  from  the  upper  and  back  part  of  the  aceta- 
bulum. 

The  ischium,  fi<j;.  24,  G3,  fig.  22,  k,  m,  fig.  23,  c,  ?,  is  a  long,  nar- 
rosv,  ilattened  bone  ;  thu  kest  where  it  forma  the  back  part  of  the 
acetabnlum,  becomincr  thinner  and  broader  as  it  extends  back- 
ward,  witii  the  lower  border  turned  slightly  outward ;  generally 
placed  jmrallel  with  it«  fellow,  but  diverging  in  the  Ostrich  ;  of 
nearly  uniform  l)readth  in  this  wing|<'<s  bird,  fig.  24,  and  in 
the  Apteryx,  but  usually  expautiiug  to  its  hinder  end,  and 
there  coalescin<T  \\\\]\  the  ilium.  »Tu.st  beyond  the  acctahular 
part  the  ischium  contracts,  j)reseniijig  a  smooth  and  thick  ujiper 
border  to  the  ischiadic  notch  or  foramen,  fig.  22,  /,  fig.  23,  A,  and 
a  similar  lower  border  to  the  foramen  or  notch,  ib.  o,  tig.  24,  /, 
M-hii-h  transmits  the  tendon  of  the  obturator  intemus  muscle;  it 
becomes  lanu^lliform,  with  thin  margins,  usually  increasing 
in  depth,  and  often  bent  dnnn  at  its  termination  to  join  the 
pulW«i.  aiid  circumscribe,  as  in  fig.  24,  the  obturator  foramen,  o. 
In  the  Ostrich,  the  ischium  does  not  join  the  ilium  posteriorly, 
and  the  ischiadic  notch  remains  open;  its  coalescence  with  the 
iliumy  beyond  the  iBchiadic  foramen^  ia  usually  extenaive^  as  in 
figs.  22  and  23. 

The  most  singular  modification  of  the  ischia  is  seen  in  the 
Rheay  in  which  they  meet  below  the  sacrum  and  coalesce  with 
each  other  for  some  extent,  almost  obliterating  here  the  bodies  of 
the  sacral  yertebrtB. 

The  pubic  bones,  fig.  21,  fig.  24,  64,  present  an  analogous 
exceptional  condition  In  another  member  of  the  Cursorrsy  viz. 
the  Ostrich,  in  which  they  unite  together  at  their  hind  ends, 
forming  a  '  symjihysis,'  which  is  curved  downward  and  forward, 
fig.  24,  A ;  in  Gi/ps  fulvus  the  same  ends  curve  toward  and 
almost  touch  each  other.  In  other  birds  the  pubic  bones  are 
directed  backward,  with  usually  a  curve  convex  outward,  and 
terminate  freclv,  or  are  united  to  the  ischium  above,  as  in 
fig.  34,  A,  the  pelvis  being  thus  an  open  one,  as  a  rule,  in 
Birds.  The  pubis  forms  the  lower  and  front  portion  of  the 
acetabulum,  beyond  which  it  quickly  contracts,  cxclmnghig  iui 
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trihedral  for  a  saboompressed  fcm,  and  is  more  elender  than 
the  ischimiL  The  ■hortest  pabis  k  seen  in  certain  EagleB» 
in  which  it  tenninates  after  fomiiiig  the  lower  boundary  of  the 
obturator  foramen;  its  extremity  l^ere  projecting  fireeiy,  as  in 
fig.  23}  d,  or  being  joined  by  liniment  to  the  iachinmy  as  in  the 
Harpy  lUigle,  in  which  it  is  an  inch  in  length,  whilst  the  iUiuB  ii 

nx  inches  long.  The  opposite  ex- 
treme may  be  seen  in  the  Guillemots 
and  Grebes;  and  in  the  latter  the 
pabio  styles  diTeige  from  the  aceta- 
bnla  witii  a  slight  ontward  bend,  the 
interspace  of  their  extremities  being 
twice  the  breadth  of  the  fore  part  of 
the  pelvis:  they  are  nsually  longer 
than  the  i8ohia»  figs.  24  and  34;  bat 
in  the  Apteryx  they  equal  that  bone 
in  length,  and  in  the  Emeu  they  are 
shorter.  The  pubis  coalesces  with  the 
ilium  and  isoldum  at  the  acetabulum; 
usually  again  with  the  ischium,  as  at 
h,  fig.  22,  to  dose  the  tendinal  font- 
men,  and,  in  some  birds,  a  third  time 
with  the  end  of  the  isddum,  as  in 
fig.  24,  to  drcumscribe  the  obtua- 
tor  Tacuity,  o*  In  Doves,  the  pubis 
after  uniting  with  the  ischium  to  does 
the  tendinal  foramen,  extends  bsck- 
ward  paralld  with  and  dose  to  its  lower 
margin,  sometimes  contracting  a  bony 
union  therewith  and  obliterating  the 
'obturator'  interspace.  The  pubio 
bones  as  they  extend  backward  in  the 
Apieryz  are  nearly  paralld;  in  the 
Mmeut  Neomorpha,  CiuHeuSf  Podieepi^  they  diverge.-  In  moet 
birds  the  fore  part  of  the  acetabular  portion  of  the  pubis  forms 
a  ridge  or  tuberodty,  figs.  24,  m,  and  22,  ^;  in  some  it  is 
produced  to  a  greater  extent  (Gtocaeeyx^  Corythaiz,  Tnuaniu, 
Orecphans), 

In  accordance  with  the  above^tated  differences  in  the  form  and 
proportions  of  sacrum,  ilium,  ischium,  and  pubis,  the  pdvis  of  the 
Bird  varies  in  its  general  form  and  proportions.  From  that  of  all 
cdd-blooded  Vertebrates  it  differs  in  the  greater  number  of  ver- 
tdnal  segments  entering  into  its  compodtion,  and  in  their  bony 
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conflaence ;  from  iJiat  of  Mammals  by  being  unclosed^  and  by  die 
widely  perforate  acetabulum,  fig.  22,  u 

The  large  size  and  brittle  aheli  of  the  egg  are  the  teleological 
oonditions  the  open  pelvic,  and  the  transference  of  the  weight 
of  a  horizontal  trunk  upon  a  angle  pair  of  legs  neoessitateB  an 
extennye  grasp  of  its  segments.  When  the  legs  require  to  be 
pulled  far  and  strongly  back,  as  in  diving  and  cursorial  motions, 
the  origins  of  the  requisite  muscles  are  extended  far  behind  the 
limbs*  centre  of  motion,  as  in  the  pelvds  of  the  Grebes,  Loons, 
Guillemots,  Ostriches,  Emeus;  when  the  bird  slowly  stalks,  or 
hops,  or  climbs,  or  uses  the  legs  chiefly  in  grasping  and  perching, 
the  [lelvis  is  short  and  broad,  es|)ecially  behind,  and  itri  breadth 
may  exceed  its  length  (  O/clarius  yuanensis). 

The  caudal  vertel)ra?  are  few,  short,  not  produced  into  a  con- 
spicuous appendage,  the  so-called  *  tail  *  of  birds  being  due  to  the 
feathers  attached  to  the  terminal  vertebraj;  these,  in  birds  of* 
flight,  coalesce  to  the  number  of  two  or  more,  and  form  a  com- 
])ressed  vertically  exteiuled  bone,  like  a  plough-share,'  fig.  23,  a, 
presenting  a  concave  surface  to  the  antecedent  centrum ;  rising 
above  as  a  sharp  crest,  anteriorly  perforated  by  the  termination  of 
the  neural  canal ;  exjmnding  below  and  there  perforated  by  the 
hsemal  canal  which  terminates  by  one  inferior  and  two  lateral  ori- 
fices. This  compound  bone,  *  os  en  sue  de  charrue,'  supports  the 
cocrvgeal  oil-glands,  and  gives  attachment  to  the  *rectrices'  or 
nuider-<pHli-leather?«,  which  are  disposed  ikn-wi.^e.  In  the  AVood-^ 
peckers  the  lueinal  i>art  extends  far  in  advance  of  the  articular 
surface  of  llie  centrum,  and  expands  into  a  broad  subquadrate 
j>late  concave  l)elow ;  the  neural  |>art  forms  as  large  a  vertical 
]>lHte;  this  relates  to  the  use  of  the  stiff'  tail-feathers  in  cliinbinfr. 
Till'  Imri/.ontal  develojtement  |)revai!s  in  tlie  Peacock.  Reekuning 
the  terminal  bone  as  one,  the  c<.)umion  number  of  cmidal  vertebra} 
is  nine.  Tlie  anterior  ones  have  vertically  extended  transverse 
processes  including  di-  par-  and  pleur-apophysial  elements;  the 
neural  arch  has  ])rezy<_:;n]»ophyses,  very  small  postzygajKJphyses, 
and  a  short  and  tliick  neural  spine.  Tn  t!ie  third  or  fourth  ver- 
tebra? caudal  ha'ma])0])hyses  appear,  increase  in  length,  and  in 
the  fifth  or  sixth  inch>se  a  ha*mal  canal.  The  transverse  pro- 
cesses in  many  birds  increase  in  length  to  the  antepenultimate ; 
in  a  few  {IbUt  Uria)  they  gradually  shorten  to  the  last;  the 
caudal  centrums  are  joined  by  ligament  and  are  proccclian.  In 
the  Toucan  the  joint  between  the  sixth  and  seventh  vertebne 

*  xu.  vol.  I  p.  206. 


Digitized  by  Google 


88 


AKATOBfT  OF  VEBTEBBATBS. 


has  a  capsule  and  synovial  fluid,  and  the  neural  spine  is  Bhorteet 
in  the  sixths  where  the  tail  has  the  greatest  extent  of  motion  ver- 
ticall^r,  the  transTene  bend  being  checked  by  the  aize  and  length 
of  the  transverse  processes.  The  neural  spines  can  be  brought 
by  dorsal  inflection  into  contact  with  the  sacrum ;  and  in  this  nio- 
tion  the  side-muscles,  which  at  first  tend  rather  to  oppose  the 
elevatorB,  become,  as  the  motion  proceeds,  themaelves  eleyaton^ 
and  complete  it  by  a  jerk ;  this  throwing  up  the  tail  upon  the 
back,  as  if  oi>erated  on  by  a  spring,  is  a  conspicuous  charact^risdc 
of  the  living  bird/  In  most  birds  of  flight  the  caudal  series  are 
habitually  curved  upward,  as  in  fig.  23 ;  in  the  few  birds  that  can- 
not fly  the  tail  is  straight,  and  the  terminal  oentnim  is  not  ex- 
panded. In  the  Apteryx  there  are  nine  caudal  yertebne^  which  are 
deeper,  and  project  farther  below  the  posterior  portions  of  the  iliac 
bones  than  in  the  other  birds :  as  they  recede,  they  increase  in 
lateral  and  dinunish  in  vertical  extent ;  the  spinal  canal  is  conti- 
nued through  the  first  five,  and  they  are  all  moveable  upon  each 
other,  excepting  the  last  two,  homologous  with  llie  ei^Minded  ter- 
minal mass  in  other  birds,  but  which  here  exceeds  the  rest  only  iu 
its  greater  length,  and  gradually  diminishes  to  an  obtuse  point. 
In  the  Ostrich  the  corresponding  vertebra  is  expanded  for  the 
support  of  the  caudal  plumes,  but  in  the  Apteryx  it  offers  the 
same  inconspicuous  developement  as  in  the  Rhea  and  £mett*  Id 
the  *  rumpless '  breed  of  domestic  fowl  llie  coccyx  is  reduced  to 
.a  single  stumpy  bone.  In  some  brevipennate  sea-birds  I  have 
found  as  many  as  eleven  firee  caudal  vertebne ;  only  in  the  extinct 
Areheopteryx  of  the  upper  oolitic  period  was  the  tail  a  consiacuous 
appendage  to  the  trunk,  formed  by  about  twenty  elongate  ver« 
tebr»,  each  of  which  supported  a  pair  of  small  and  slender  quill- 
feathers. 

The  terminal  vertebras,  ungrasped  by  the  pelvis  in  the  embryo 
bird,  may  equal  in  number  those  of  the  ancient  feathered  fossil; 
and  if  such  vertebne  participated  in  the  ratio  of  growtJi  of  other 
parts  of  the  skeleton,  without  subsequent  stunting  and  con- 
fluence, they  would  more  or  less  repeat  the  strange  and  unique 
feature  in  the  skeleton  of  Archeopteryx ;  but  the  metamorphosis 
of  the  tail  which  has  taken  place  in  the  bird's  skeleton  in  the 
transition  from  the  mesozoic  to  the  neozoic  life-periods  of  the 
class,  is  analogous  to  that  from  the  protocercal  to  the  homocetcal 
type  of  tail,  which  marks  the  progress  in  fishes  from  the  paheo- 
zoic  to  the  mesozoic  periods.* 

'  zz**  '  xv\  p.  45,  pis.  i.  and  iit. 
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§  127.  Cervical  VertehrfB. — As  the  prehensile  functions  of  the 
lianH  are  transferred  to  the  beak,  so  those  of  the  arm  are  pcr- 
lormetl  })y  the  neck  of  the  bird  ;  this  portion  of  the  spine  is 
therefore  ecnnposed  of  numerous,  elongated,  and  freely  moveable 
Tertel>r:r,  and  is  never  so  short  or  so  rl^^id  but  that  it  can  be 
made  to  apply  the  beak  to  the  eooeyirea]  oil-gland,  and  to  every 
part  of  the  l)ody  for  the  jnirpo.se  of  oilinir  and  cleansing  the 
phimnue.  In  birds  that  seek  their  food  in  water  it  is  in  general 
remarkably  ehmgated,  whether  they  supp(n-t  themselves  on  the 
surface  by  means  of  short  and  strong  natatory  feet,  as  in  the 
Swan,  or  wade  into  rivers  and  marshes  on  elevated  stilts^  as  in 
the  Flamingo,  fig.  14. 

The  articular  surfaees  of  the  bodief?  of  the  eervical  vertebraj, 
like  those  of  the  dorsal  series,  are  concave  in  one  direction  and 
convex  in  the  other,  so  as  to  lock  into  each  other,  and  in  such  a 
manner  that  the  superior  vertebraj  move  more  freely  forward,  the 
middle  ones  backward,  while  the  inferior  ones  again  bend  forward  ; 
produdng  the  ordinary  sigmoid  curve  observable  in  the  neck  of 
the  bird. 

This  mechanism  is  most  readily  seen  in  the  long-necked  waders 
which  live  on  fish  and  seize  their  prey  by  darting  the  bill  with 
sudden  velocity  into  the  water.  In  the  common  Heron,  for 
example  (Ardea  cinerea),  the  head  can  be  bent  forward  on  the 
atlas  or  fiiBt  vertebra,  the  first  upon  the  second  in  the  same  direo- 
tioii»  and  so  on  to  the  sixth,  between  which  and  the  fifth  the  for- 
ward inflection  is  the  greatest;  while  in  the  opposite  direction 
theee  vertcbnc  can  only  be  brought  into  a  straight  line.  From 
the  sixth  cervical  vertebra  to  the  thirteenth  tlie  neck  can  only  be 
bent  backward  ;  while  in  the  opposite  direction  it  is  also  arrested 
at  a  straight  line:  from  the  fourteenth  to  the  eighteenth  the 
articular  surfaoee  again  allow  of  the  forward  inflection^  but  also 
limit  the  opposite!  motion  to  the  straight  line. 

An  inter-articular  cartilage  is  inclosed  between  reduplications 
of  the  synovial  membrane  in  most  of  the  joints  between  the 
bodies  of  the  oervicals,  as  in  the  joint  of  ^e  lower  jaw  in  mam- 
malia. Tlie  zyga|)ophy8ial  articulations  are  simply  synovial.  The 
par-  and  di-  apophyses  are  at  the  fore  part  of  the  vertebne,  and* 
usually  at  the  third  cervical,  coalesce  with  a  styliform  pleurapo- 
physis  projecting  backward.  The  vertebrarterial  canal,  thus 
formed,  is  large,  and  gives  passsge  to  both  the  vertebral  artery 
and  the  sympathetic  nerve. 

The  inferior  processes  from  the  cervical  centrums  are  of  two 
lands ;  one  single*  developed  horn  the  mid-line,  usually  toward 
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ihe  back  part,  and  answering  to  the  *  hjpapophysis*  in  Hzazds ; 
the  other  parial,  developed  from  the  under  part  ci  the  yertebimr- 
terial  canal,  answering  to  parapophysea,  b^t  or  directed  down- 
ward, alWr  coalescing  with  the  pleurapophysk.  In  a  Vultnre 
(OypB  fulvud)i  the  latter  inferior  processes  b^in  at  the  sixth 
vical,  and  are  continued  to  the  thirteenth;  the 
begins  at  the  second,  and  is  continued  to  the  fifth,  where  it  is 
reduced  to  a  low  ridge.  In  the  GhiiUemot  Ihe  hypapophyna 
exists  as  a  ridge  or  process  in  all  the  cervicals.  In  Uie  ApterpL 
the  single  hypapophysis  for  the  attachment  of  the  longos  colli 
anticuB  is  present  in  the  last  three  yertebra,  as  in  the  contiguous 
dorsak.  The  parapophysial  arch  for  the  protection  of  the  carotid 
arteries  is  most  complete  in  the  twelfth  cervical,  but  the  two  sides 
isi  the  arch  are  not  anchylosed  together ;  the  interspace  progres- 
siydy  increases  in  the  eleventh,  tenth,  and  ninth  vertebrae,  and 
the  groove  widens  and  is  lost  at  the  fifth  vertebra.  In  many 
birds  the  parapophyses  after  forming  the  sides  of  a  wide  canal  in 

the  middle  cervicals,  converge  and  unite  to 
inclose  a  haemal  canal,  as  in  tibe  lower  cervical 
vertebra  of  the  Pelican,  fig.  25« 

The  neural  arch  in  most  of  the  cervicals 
developes,  in  addition  to  the  spine,  ib.  jw, 
a^gapophyses,  ib.  2,  and  diapophyses  ib. 
also  anapophyses,  or  tubercles,  above  the  pos- 
terior asygapophyses.  The  arch  is,  in  some 
vertebra,  strengthened  by  bony  plates,  one 

Cervical  vcrMbn,  rvUcmn.  t  *a  :%         t'  \ 

of  which  may  be  specified  as  <  mterzygapo- 
physial,'  and  this  may  be  perforated  vertically,  as  in  the  second, 
third,  and  fourth  cervicals  of  the  Hombill  {Bueenu),  and  in 
the  third  and  fourth  cervicals  of  the  Vulture,  and  many  other 
birds ;  the  neural  arch  thus  becomes  remarkable  for  its  breadth, 
and  tiie  square  or  quadrate  platform  of  bone  ftom  which  the 
small  and  short  neiual  spine  rises.  In  one  or  more  succeeding 
vertebrae  the  incomplete 'intersygiqpc^ysial'  bar  projects  back- 
ward as  a  process  or  tubercle  ftom  the  prezygapophysis.  The 
prezygapoi^yses  look  upward  and  inward ;  the  poetsygapophyses 
downward  and  outward;  the  neural  spine  is  feeUy  devel<^>ed, 
if  at  all,  in  the  middle  of  the  cervical  region ;  it  is  most  con- 
spicuous in  the  second  to  the  fifth,  and  again  in  the  last  two  or 
three  cervicals.  In  the  Apteryx  it  is  thick  and  strong  in  the 
second,  but  progressively  diminishes  to  the  seventh,  cervical, 
where  it  is  leduced  to  a  mere  tubercle;  from  the  eleventh  it 
progressively  increases  to  the  last  cervical,  in  which  it  presents 
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.  tlie  strong  quadrate  figure  which  characterizes  the  same  process 
in  the  dorsal  vertebrae.    The  ueural  caual,  ib.  2i,  varies  in  iCnii 
aud  diameter  in  the  same  vertebrae.    If,  e.g.,  the  sixth  cervical 
of  a  Stork  be  saweii  lengthwise  vertically,  the  diameter  is  great- 
,  est  in  the  middle,  least  at  the  ends ;  but  if  it  be  sawed  length- 
I    wise  horizontally,  the  transverse  diameter  is  the  reverse,  being 
.    narrowest  at  the  centre  and  widest  at  the  ends.    In  the  0><trich, 
the  Swan,  and  many  other  birds,  the  canal  widens  in  every  direc- 
I    tion  at  its  extremities  ;  and  on  the  dorsal  or  posterior  aspect  of 
,    the  spine,  the  canal  remains  open  for  some  extent  \n  the  intervals 
of  the  vertebne,  the  mycl<m  being  there  protCKSted  only  by  mem- 
brane and  the  elastic  ligaments  which  connect  the  neural  spines 
together.    This  modification  subserves  the  prevent  ion  dl  comprcs- 
sio!i  of  the  myclon  during  the  frequent,  varied,  and  extensive 
intiectiims  of  the  neci%.  in  birds. 

The  atlas  and  axis  s]>eedily  effect  a  partial  coalescence;  the 
body  of  the  first,  e.g.,  as  an  *  odontoid  procesjs'  to  that  of  the 
second,  and  usually  |)rcsenting  a  pair  of  small  facets  to  articulate 
with  its  own  neurapopb y^^o^,  which  are  mainly  supj)urted  by  the 
*  hyi)ap<)physis'  simulating  the  entire  centrum  of  the  atlas.  The 
back  part  of  the  }iypny>np}n-<is  offers  a  flat  surface  to  the  centrum 
of  the  axis,  Ik  ik  uiIi  which  it  is  slightly  produced,  being  here 
wedged  into  a  notcii  between  the  true  bodies  of  the  atlas  and 
axis.    The  fon-  [>art  nf  thf  hypapophysis  combines  with  the  ncura- 
pophyses  to  form  the  major  j*art  of  the  cup  for  the  condyle  of  the 
occiput,  which  in  completed  by  the  *  odontoid.'    The  atlantal 
neurapophyses  ustially  diN  crge  as  they  rise,  and  are  joined  toge- 
ther above  by  a  broad  plate  slightly  arching  across  from  one  to 
the  other;  in  some  { AptenodyteSy  Dinornis)  they  do  not  meet: 
rarely  is  a  neural  spine  developed.    The  centrum  of  the  axis  is 
Bomettmes  carinate  below  with  a  slight  posterior  productaon  (Aha 
impenmM)f  sometimes  produced  into  a  hypapophysis,  as  4oiig  as 
the  neural  spine  above  {Aptenodytes,  most  Maptores^)  Postzyga- 
pophyses  of  the  atlas  articulate  with  the  presygapophyses  of  the 
axis.    In  a  Hombill  (Bueertu)  X  have  seen  oomplete  coalescence 
of  the  atlas  and  axis. 

§  128.  The  SkulL — The  neural  and  haimal  plates  of  the  embryo- 
nic  trace  become  modified  in  the  head  of  the  chick  by  the  early  ex- 
pansion of  the  cerebral  part  of  the  neural  axis,  and  by  the  almost 
contemporary  appearance  of  the  capsule^  of  the  organ  of  hearing, 
which  are  speedily  followed  by  the  rudiments  of  the  eyeballs. 
The  neural  plates  are  dilated  by  the  primitive  vesicles  of  the 
ep"  mes-  and  pros-encephalon^  the  latter  speedily  showing  its 
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greater  size  and  bending  down.  The  notoehord  extends  into  tlie 
Itind  part  of  the  future  basis  cranii,  its  gelatinous  axis  tenninating 
at  the  bend ;  but  the  bhistemal  capsule — ^the  true  seat  of  the 
histological  changes  resulting  in  yertebrai  structure — ^is  oontinned 
forward,  expanding,  dividing  below  the  part  of  the  vertical  cere- 
bral canal  called  *  infundibiidum/  and  again  uniting  anteriorly  to 
form  a  vertical  plate  extending  between  the  eye-capsules  and  be*  I 
coming  lost  in  the  deflected  fore  part  of  the  cephalic  blastema.  At 
this  stage  neural  segments  are  not  shown.  The  hannfll  ones  appear 
as  the  so-called  *  visceral  arches*  of  the  head.  The  foremost  ia  in- 
complete below  at  the  *  blastemic'  stage,  and  is  represented  hj  a 
pur  of  obtuse  lobes  or  buds  beneath  the  ^es ;  the  next  ia  lai^^er 
and  becomes  closed  below ;  a  third,  a  fourth,  and  a  feeble  indi- 
cation of  a  fifth,  correspond  with  the  primitive  vascular  arches, 
and  are  more  truly  *  visceral  *  than  *  vertebraL'  Of  the  latter 
significance  is  that  which  descends  on  each  side  the  heart  itself, 
and  is  soon  indicated  by  the  buds  of  the  appendages  which  become 
articulated  with  such  *  scapular*  arch. 

The  cartil^e  formed  round  tlic  fore  part  of  the  notochonl, 
extends  neurad,  und  attains  great  thickness  at  the  sides  of  the 
cranium  in  connection  with  that  of  the  acoustic  ca|isules  ;  it 
becomes  thinner  as  it  rises,  and  the  i)rimitive  tissue  closes  the  ex- 
panded cranial  cavity.    The  cartilap;e  behind  the  ear-capsule  i.s  <>f 
the  hindmost  neurapophysis :  that  in  trout  of  the  capsule  is  of  the 
next;  that  which  in  lurmed  at  the  optic  foramen  is  the  third  in 
a(h  ance:  these  latter  ueura})ophysial  cartilai^es  are  foniied  iu  the 
V)lastemal  walls  of  the  cranium  distinct  from  the  notochordal  car- 
tilage.   This,  advancing  along  the  base  of  the  skull,  follows  the 
disposition  of  the  extensions  of  the  notochordal  caj^ule,  and 
biiiircates  into  the  so-called  '  traboculaj'  (vol.  i.  fig?.  58-60,  .-i,  s), 
whicli  a^ain  unite  to  form  the  hasi^  of  the  neural  arch  and  apex 
of  tlie  h;umal  arch  of  the  foremost  segment  of  the  skull ;  it  hecnmos 
com])resse(l  between  the  pvcs,  and  expands  in  advance  of  thein, 
the  end  of  the  hromal  cl(»>iiit^r  nj)  to  that  of  the  neural  arch  in  a 
wav  which  rr minds  one  of  the  m txiification  ot  the  vertel)ral  axis  at 
tlic  n]i|<osiie  end  of  the  coliiiun.    Here,  however,  the  nf^tiure  of 
the  iind  overrides  that  ot  the  Vertebrate,  and  every  Mil*M<iuent 
stop  iTi  ffrHiial  develo}K'n\cnt  relatej?  to  adaptive  condition*  of  ver- 
tebral elements  and  a|ipenda<{es.    Distinct  cnrtihi;^es  in  the  buds 
or  piers  of  tlic  foremost  ha'uial  arch  form  tiie  ba^is  of  tho  palato- 
maxillary boue^^.    The  palatine  cartilage  arches  outward  an«l 
backwanl,  like  that  mai'ked  24  in  i\(r.  r»n,  vol.  i.,  and  in  it  ia 
devclopod  the  pterygoid.    The  cartilage  in  the  second  arch  forms 
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the  basis  of  the  tympanic  and  mandible ;  that  of  the  third  arch 
forms  the  stylo-hyal,  rarely  ossified  in  birds,  and  in  connection 
with  it  is  developed  the  *  stapes.'    The  product  of  the  fourth  is 
homologous  with  a  branchial  arch  in  the  fish;  but  further  e\i- 
dence  of  such  conformity  with  the  segmental  structure  of  the 
trunk-skeleton  as  is  discernible  in  the  much  modified  anterior 
termiuation  of  the  body  is  given  l)y  the  ossific  centres  established 
in  the  j>rimordial  cartilages  ;  and  by  the  special  homologies,  de- 
terminable ])rior  to  confluence,  of  the  bones  developed  therefrom, 
with  the  skull-bones  of  the  lower  cold-blooded  Vertebrates,  which 
retain   their  distinctness  and  depart  less  from  the  archetypal 
arrangement. 

Althouf!;h,  as  a  general  rule  in  the  class  Avesy  the  separate 
cranial  bones  can  be  discerned  only  at  an  early  period,  yet  in 
thosic  birds  in  which  the  power  of  flight  is  abrogated,  the  indica- 
tions of  the  primitive  centres  of  ossification  endure  longer;  and 
in  the  species  here  selected  fur  the  illustration  of  the  cranial 
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Bc<^cnts,  the  constituent  hones  of  the  skull,  with  the  exception 
of  the  beeioccipital,  i,  the  basi-pre-sphenoid,  5^  9,  and  the  bones 
tf  6»  and  8,  which  coalesce  with  the  petrosal,  i6,  have  been  sepa- 
rated by  maceration  merely  in  the  half-grown  bird. 

The  basioccipital,  figs.  20,  and  27,  i,  developes  the  major  part 
of  the  single  articular  condyle^  and  sends  down  a  process^  more 
marked  in  the  Struthious  genera>  and  especially  in  Aptondi^  than 
in  most  other  birds:  in  all  respects  this  primitiyely  distinct  bone 
retains  the  character  of  the  centrum  of  its  vertebra. 


Digitized  by  Google 


44  ANATOICT  OF  YEBTBBRATBd. 

The  ezocdpitalsy  figs.  26  and  27,  9>  contributiiig  Bomefwluii 
more  to  tbe  occipital  condyle  than  in  the  Czocodile»  deydope,  wm 
in  that  reptile,  the  paroccipital»  figs.  27  and  2S,  4»  as  an  ont- 
standing  exogenous  ridge  or  process :  but  it  is  lower  in  poaitioii 
than  in  Ihe  Crocodile  (yoL  L  p.  13a,  fig.  93>  The  saperoodpitnU 

figs.  26»  27»  2S,9,  as  compared  with 
27  that  of  the  Crocodile,  ib.,  mani- 

fests more  strongly  the  flattemng 
and  derelopement  in  breadth,  by 
which  the  spinous  elements  loee 
the  formal  character  from  which 
'*  their  name  originated,  and  are 
.  conyerted  from  long  into  flat 
bones.  It  always  proteota  the 
cerebellum ;  is  absent  in  the  Frog, 
where  this  organ  is  a  mere  rudi- 
ment ;  and  is  present  in  the  Cro- 
codile in  the  ratio  of  the  superior 
size  of  the  cerebellum.  The  ftur- 
ther  developement  of  the  cere- 
bellum is  the  condition  of  the 
superior  breadth  of  the  sjjine  or 
cTDwn  of  the  epencephaUc  arch, 
fig.  26,  N  I,  in  the  Bird. 

Of  the  three  bones  above  de- 
fined, 2  is  developed  in  the  back 
])art  of  the  cartilage  inclosing  the 
ear-ca])sule,  and  all  bear  the  same 
relaiion  thereto,  in  the  primordial 
cranium,  as  Nos.  l,  2,  3,  4,  in 
B*Moe«kau,oitricik  Clielonia   (p.  131,  fig.  92),  and 

as  Nos.  1,  2,  3,  in  the  C'rorodile 
(p.  135,  fig.  93).  No.  2,  in  the  Bird,  as  in  the  Crocmlile,  in- 
cludes, coTinately  dcvelopeil  therewith,  the  bone  4,  in  the  Emys, 
A  basal  view  of  the  epencephalic  arch  is  given  in  the  young 
Ostrich,  fig.  27,  showing  the  ])ro|>ortioi)s  in  which  the  centrum, 
Ijr,  the  neurajK)])h}  ses  2,  s,  and  the  neural  spine,  3,  enter  into  die 
formation  of  the  neural  canal  or  '  foramen  magnum,'  i.  The 
connate  element,  4,  stands  out,  like  4  in  figs*  81  and  92,  as  the 
transverse  process  of  the  neural  arch. 

The  second  segment  of  the  skull  has  for  its  central  element 
a  bone,  figs.  26,  27,  5  (basisphenoid),  ossified,  like  some  trunk- 
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eentnixns,  from  three  pointB^'  and  in  the  Bird,  as  in  other  Ovipara, 
becoming  confloent  with  that,  9,  which  stands  in  the  same  relation 
to  the  third  cranial  segment ;  the  pit  for  the  pituitaiy  body  marks 
the  boundary ;  bat  the  essential  distinction  of  these  centrums  is 
given  by  the  neural  and  h»mal  arches.    The  neural  arch  of  the 
parietal  ▼ertebra  retains  the  same  characters  which  it  first  mam- 
fested  in  Fishes.   Besides  the  neurapophyses,  6  (alisphenoids), 
impressed  by  the  mesencephalic  ganglia  and  transmitting  the  diief 
part  of  the  trigeminal  nerves,  besides  the  vastly  expanded  and 
again,  as  in  Fishes,  divided  neural  spine,  7  (parietal  bones),  the 
paraiiophysis,  8  (mastoid)  is  originally  distinct.    It  has  a  similar 
proportional  size  to  that  in  the  Crocodile  (vol.  L  figs.  93,  95,  s) ; 
but  uw  ing  to  the  raised  dome  of  the  neural  arch,  is  relatively 
lower  in  position  ;  it  extends  apophysially  downward  and  outward, 
iti  oBsificJ  with  the  petrosal,  and  forms  a  large  proportion  ol*  the 
outer  wall  of"  the  otoerane.    Owing  to  the  breadth  {ind  shortness 
of  the  bird*s  brain,  and  the  displacement  of  the  optic  lobes,  the 
neuruiH»[)hy6es  of  the  mesencephalon,  6,  c(»nvcrge  toward  each 
other  anteriorly,  and  support  part  of  the  neural  spine  of  the 
prudencephaion^  ii,  ua  well  as  th^ir  own,  r.    On  comparing  a  side 
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view  of  the  cranium  of  the  Bird,  fig.  28,  with  that  of  the  Tortoine 
(vol.  i.  fig.  (U ),  and  Crocodile  (fij]^.  9.5),  the  greater  developi munt 
of  the  epencephalon  brings  its  ueurai  arch,  2,3,  into  view,  which  ii* 
ob^cnred  by  the  growth  of  the  apophysial  part  of  s,  in  the  eold- 
IiUhuUhI  0\ij>ara:  but  tlic  connectit»ns  of  8  with  -2  behind,  Avith  7 
above,  and  with  the  ear-capijuie  within,  arc  the  same;  the  latter, 
hn\v(  \  er,  Ix  in^  ossified  in  the  Bird,  but  retaining  its  gristly  state 
iu  the  Tortoise. 

'  wcxxx.  and  xxni. 
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The  luBmal  arch  of  the  parietal  vertebra^  fig.  26,  40,  48»  la 
more  reduced  than  in  the  Crooodile>  and  owes  much  of  its  appn- 
rentlj  typical  character  to  the  retention  of  the  thyit>hyalB>  46,  47, 
borrowed  from  a  branchial  arch  of  the  yisceral  Byateoiy  which 
arches  are  transitorily  manifested  in  the  embryo  bird.  These 
spurious  oomua  prvpect  freely  or  are  freely  suspended. 

The  bones,  10  (orbitosphenoids),  of  the  third  neural  arch  cobt 
lesce  with  each  other,  and  with  the  centrum  below,  protect  a 
smaller  proportion  of  the  prosencephalon  than  in  the  Crocodile, 
but  maintain  their  neurapc^hysial  relation  to  it  and  to  the 
optic  nerves,  below  the  exit  of  which  they  begin  to  ossify.  The 
neural  spines,  11  (frontal),  cover  a  larger  proportion  of  the 
hemispheres,  and,  with  tiieir  homotypes,  7,  exhibit  a  marked 
increase  of  developement  in  conformity  with  that  of  the  cerebral 
centres  protected  by  their  respective  arches.  The  parapophysia 
of  the  frontal  vertebra,  is  (postfrontal),  is  relatively  smdler 
in  the  Bird  than  in  the  oold-blooded  Yertebrates,  and  is  rarely 
ossified  from  an  independent  centre,  as  it  is  in  the  Emeu.  The 
luBmal  arch  of  the  frontal  vertebra,  receding  from  its  typical  posi- 
tion as  the  HiEfnatoejya  advanced  in  time  and  in  developement,  is 
now  wholly  transferr^  to  the  parietal  one;  its  pleurapophysis  (28, 
the  *  tympanic  *),  which  is  simple*  as  in  the  Crocodile,  articulates 
with  the  parietal  parapophysis,  s  (mastoid),  though  this  in  some 
Birds  unites  with  that  of  the  frontal  vertebra,  la.  The  bone,  as, 
is  the  chief  and  most  direct  osseous  developement  from  the  proxi- 
mal portion  of  the  cartilage  of  the  tympano^mandibular  visceral 
arch :  the  special  appendages  of  the  acoustic  organ  are  developed, 
as  in  the  Lizards  and  Snakes  (vol.  i.  fig.  444,  B,  e),  in  connection 
with,  but  not  in  or  from  that  cartilage.  In  the  young  Ostrich 
and  many  other  birds  traces  of  the  composite  character  of  the 
hsBinapophysis  (mandibula)  are  long  extant;  and  bear  obviously 
a  homological  relation  to  the  teleologically  compound  character 
of  the  same  element  in  the  Crocodile :  the  pieces,  Nos.  s»,  st',  so' 
and  31,  first  coalesce  with  each  other,  and  then  with  the  haemal 
spine  (9S,  Mentary  element*),  the  halves  of  which  are  confluent 
at  the  symphysis. 

The  centrum,  (13,  *  vomer ')  of  the  nssal  vertebra  is  single,  and 
usually  coalesces  with  the  neurapophyses  (prefrontals),  14,  and 
pleurapophyses  (palatines),  so,  of  its  own  segment,  and  with  the 
rostral  production  of  the  frontal  centrum,  9 :  it  is  elongated  and 
pointed  at  its  free  termination,  and  deeply  grooved  above  where  it 
receives  the  above-named  rostrum ;  indicating  both  by  its  form 
and  position  that  it  owes  its  existence,  ss  bone,  to  the  ossification 
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of  the  under  and  outer  part  of  the  anterior  production  of  the 
notochordal  capsule.  In  the  young  Ostrich  the  presphenoidal 
rostrum  intervenes  between  the  vomer,  la^  and  prefrontals*  u. 
These  latter  bones  manifest  the  essential  neurapophysial  rela^- 
tions  to  the  rhinencephalon  and  olfactory  nerves  :  but  they  early 
coalesce  together  and  with  the  rhinal  capsules,  as  in  the  tail- 
less Batrachians.  The  anterior  contraction  of  the  cranial  cavity, 
which  affects  the  orbito-sphenoids,  influences  still  more  the  pre- 
frontals»  and*  in  connection  with  the  large  relative  size  of  the  eye- 
capsules*  beoomes  tlic  condition  of  the  extreme  modification  of  the 
neurapophyses  of  tlie  foremost  cranial  vertebra.  The  neural  spine 
(nasals)*  15*  is  divided  along  the  middle  line ;  but  in  most  Birds 
the  suture  becomes  obliterated  and  the  spine  coalesces  with  its 
neurapophyses*  with  the  frontal  spine,  and  with  those  parts  of  the 
haemal  arch  of  the  nasal  vertebra  with  which  it  comes  in  contact. 

The  pleurapoi^yses  (palatines)*  so*  of  this  inverted  arch  retain 
their  Qrpical  connections  with  the  nasal  centrum  and  neurapophy- 
ses at  one  end,  and  with  the  haunapophysis  (nwxillary),  ai*  at  the 
other  end*  and  they  also  support  die  constant  element  of  the  di- 
verging appendage  of  the  arch  (pterygoid),  S4.  The  htemapophy- 
810  (maxillary)*  si*  resumes  in  birds  more  of  its  normal  pro{)ortions 
and  elongated  slender  form*  as  such :  but  the  hffimal  spine (premazil- 
lary),  as*  is  largely  developed  though  undivided*  and  sends  upward 
and  backward  fiom  the  part  corresponding  to  the  syinpliysis  of 
the  spine*  a  long  pointed  process*  ss'*  which  joins  and  usually 
coalesces  with  the  neural  spine*  I5*  and  divides  the  anterior  outlet 
of  the  lusmal  canal  into  two  apertures  called  the  nostrils.  The 
modification  of  the  hnmal  arch  ^  the  nasal  vertebra  in  the  Lizard 
tribe  is  here  repeated.  The  pleurapophy  sial  appendage  ( pterygoid ), 
S4*  connects  the  palato-nuudllary  arch  with  the  tym])auic,  and  in 
the  Ostrich  and  some  other  birds*  also  with  the  basisphenoid,  5, 
and  fig.  27*^:  the  second  or  iuemapophysial  ray  of  the  diverging 
appendage  (malar  and  squamosal)  is  developed  in  all  Birds*  as  in 
the  squamate  Saurians,  combining  the  movements  of  the  luemal 
arch  of  the  nasal  vertebra  with  that  of  the  frontal  vertebra*  and 
consisting  of  the  two  styliform  ossicles  (malar,  S6,  and  squamosal, 
S7),  which  extend  from  the  haemapophysis,  fig.  28, 21,  21",  to  tho 
pleurapophyeis,  ts:  the  essential  relationship  of  the  compound 
ray,  se  and  27,  with  the  nasal  vertebra*  is  indicated  by  their 
becoming  confluent  with  its  haemapophysis,  at  2i'\  whilst  they 
maintain  an  arthrodial  articulation  with  the  pleurapophy  sis,  2s,  of 
the  succeeding  vertebra. 

The  bones  of  the  splanchno-skclcton  intercalated  with  the 
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segments  of  the  endoskeleton  in  the  bird^s  skull  are  thp  petrosal, 

16,  between  the  neural  arches  of  the  occipital  and  panelal  Terte- 
brnp,  connate  or  co-<^8.siiying  with  the  elements  of  those  vertoKrai 
with  which  it  comes  in  contact;  the  sclerotals,  17,  interpoaedbe- 
tween  the  iVontal  and  na.sal  neural  arches;  and  the  thyrohyals, 
47,  retained  in  connection  with  the  th  i  iris  of  the  hiemal  arch  of  the 
parietal  vertebra.  The  olfactory  cap.sulc  may  be  represenled  by 
cthmoturljiaal  and  turbinal  processes  in  the  skull;  but  chiefl? 
remains  cartilaginous.  The  dermal  bone  (lacrymaJ),  73,  i>  \\rll 
developed  ami  constant:  one  or  more  superorbital  dermal  boues 
are  occasioiuilly  present. 

Ab  the  characters  of  the  occipital  segment  of  the  bird's  cranium 
are  so  obviously  those  of  the  vertebral  neural  arch  as  to  compel 
acceptance  of  the  interpretaticni  of  its  elements  according  to  the 
terms  of  general  homology,  there  is  d  priori  probability  in  the 
segmental  type  being  continued  to  the  front  end,  as  it  is  to  the 
hind  end,  of  the  vertebral  axis,  notwithstanding  the  modifying 
influences  of  the  large  intercalated  sense-capsules,  and  of  the 
special  uses  to  which  certain  of  the  lower  bony  arches  are  tlejj- 
tiued  in  the  head.  Devtlopement,  oliodient  to  these  demands, 
gives  such  evidence  as  it  can  in  favour  of  the  pre.<iini])tion,  wliiJe 
relative  {>osit  ion  and  connections  afford  the  ])ioof.  iu  the  fore- 
going description  I  have,  therefore,  explained  the  chief  consritu- 
tion  of  the  bird  s  hkidl  in  tlie  terms  of  general  homologv,  and  I 
proceed  to  point  out  some  of  its  principal  modiiicatious  m  those  of 
special  homology. 

The  occipital  condyle  is  single  in  Birds,  varying  from  the 
hemispheroid  to  the  transversely  elliptic  form,  with  sometimes  a 
median  notch  or  pit,  and  in  the  extent  to  which  it  projects;  heing 
pedunculate  iu  Dinornisj^  but  sessile  as  a  rule.  The  foramen 
magnum  varies  from  a  subcircular  to  a  full  transverse  ellii^se, 
and  to  a  vertically  oval  [Dinoruis  giganteus)  form,  with  lateral 
encroachments  as  in  Aptornis  -  and  Didux;^  its  plane  may  be 
vertical  (ib.),  but  as  a  rule  is  ol)liquc  from  ai)ove  downward  ami 
forward,  thus  depai'ting  further  Irom  the  reptilian  character. 
The  basioccij)ital  in  the  extinct  Aptornis  sends  down,  as  in  the 
CVoctnlile,  a  doc]^  plate  below  the  condyle:  it  descends  in  a  less 
di  Li  t  i  e  in  Dtum  nis,  in  both  swelling  out  laterally  into  a  pair  of 
tul>trosities,  completed  by  ossifications  in  the  basisphenoid  carti- 
lage which  afterwards  coalesce.*  As  a  rule  the  condyle  is  on  a 
level  witli  the  basis  cranii.    The  parooeipitaLs  in  the  low  flat  cra- 

»  XVI-.  vol.  ir.  pi  24,  fig.  S.  '  Hi.  vol.  iii.  p.  950» 

*  Ib^  vol.  iii.  pi.  52,  fig.  4.  «  lb.  fig.  1,  5'. 
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nium  M'  Dinornis  retain  much  of  their  crocodilian  position,  but 
they  hold  a  lower  one  in  the  loftier  domed  crania  of  other  birds: 
they  vary  in  the  developement  of  their  apophysial  })art,  standing 
further  out,  e.j^.,  io  Hhrd  and  Strnthio,  than  ni  Dromnrus.  The 
occipital  region  is  bounded  ;iJi<  i\  (^  l)y  the  arched  ridge  formed  by 
the  insertion  of  the  muscles  lomjas  r.  /V/  posticus  and  mmplrxvf!^ 
in  lart^e  and  |)owerful  birds  ;  and  is  l)iscetetl,  as,  e.g.,  in  the  Eujxie, 
by  a  median-vertical  ridge  dividing  tlie  transverse  one  into  a  i)air 
of  arches:  in  Dinontia  a  ])rorainence  between  the  insertions  of 
the  fnnf/us  colli  posfit-us  and  cnmplexus  subdivides  the  transverse 
ridge  into  I'uur  arches ;  and,  here,  a  lower  transverse  ridge, 
bounding  the  insertions  of  the  recti  cap,  postici  and  trachclo- 
mastoideif  overarches  the  foramen  magnum.*  In  smaller  and  less 
robust  birds  a  cerebellar  prominence  marks  the  middle  of  the 
occipital  region :  in  some  species  the  pressure  of  the  brain  from 
witliin,  and  the  muscles  iirom  without,  reduces  the  thin,  bony 
wall  in  some  places  to  its  membranous  lining,  leaving  openings  in 
the  dry  skull  commonly  on  each  side  of  the  cerebellar  prominence. 
These  have  been  termed  *  fontanelles,*  as  if  they  were  due  to 
original  arrest  of  cranial  ossification,  but  the  latter  explanation 
applies  to  openings,  usually  reduced  to  a  venous  outlet,  between 
the  exoccipital  and  mastoid.  In  certain  Doves,  Owls,  Parrots, 
and  the  Dodo,  there  is  a  median  *  superoccipital  *  foramen,  usually 
accompanied  by  a  pair  of  venf>us  foramina. 

The  basisphenoid  chiefly  differs  in  the  presence  or  absence  of 
*  pterapophyses.'  ^  They  are  longest  in  the  Struthiotiid<Bf  fig.  27,^',* 
are  short  and  thick  in  Dinornis  and  Apteryx,  and  abut  against  Ihe 
tympanic  end  of  the  pterygoids ;  they  are  shorter  in  GraUatares 
{Vaneiius)  and  Rasores  {Columba,  Tinamus^  SyrrhapUM),  and 
their  abutment  is  nearer  the  middle  of  the  pterygoids ;  they  are 
absent,  or  are  too  short  to  reach  the  pterygoids,  in  the  Dodo, 
Owls,  Diurnal  Raptores,  and  most  other  Birds,  In  the  Emeu, 
Apteryz,  and  Dinornis,  the  basisphenoid  shows  a  median  perfora- 
tion. The  sides  of  the  basisphenoid,  obliquely  grooved  by  the 
Eustachian  canals  {Dinomii)  and  excavated  to  form  the  base  of 
the  tympanic  cavity,  in  some  birds  extend  outward  to  the  tym* 
panic  process  of  the  mastoid,  and  with  it  grasp  the  hinder  condyle 
of  the  tympanic 

The  mesencephalic  fossa  and  the  *  foramen  ovale'  for  the  transit 
of  the  fifth  or  trigeminal  nerve  indicate  the  alisphenoid,  fig.  28,  c, 

*  xvf.  vol.  lit.  pi.  52,  fig.  4. 

*  First  indicated  as  inch  in  xti*.  vol.  iii.  p.  351  ( Janaarj,  1848);  see  also  xliv.  p. 
303,  no.  1601.  '  XUT*.  p.  S59« 
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and  its  general  homology  as  a  'ncurapophysia;*  its  extent  and 
connectiona  are  abom  in  fig.  8,  p.  22,  of  CXi.,  and  in  ilie  speci- 
men, No.  1363,  of  XLIV;  it  artieulates  below  with  the  ban- 
sphenoid,  behind  with  the  mastoid,  8,  and  petrosal,  above  with  the 
parietal,  7,  and  frontal,  n,  in  front  with  the  orbitosphenoid,  lo, 
combining  with  it  to  form  the  foramen  laeenm  anteriu$s  through 
which  orbital  portions  of  the  fifth  nerve  pass;  and  which  nsually 
blends  with  the  common  fatamina  €pHea,  encompassed  in  great 
part  by  the  orbitosphenoid. 

The  homology  of  8,  figs.  25, 28, 31 ,  with  the  bone  so  numbered, 
and  called  ^  mastoid'  in  vcL  i  figs.  75,  81,  91,  92,  93,  95,  and  97, 
is  ])lain ;  it  forms  part  of  the  cavity  for  the  otic  capanle,  as  in 
Fishes,  and  port  of  the  tympanio  cavity,  aa  in  the  air-breatUiig 
Haiinatocrya.   As  in  Reptiles,  it  ofiers  the  articular  cavity  to  », 
a  relation  pai^ially  fulfilled  in  Fishes;  it  sends  off  the  second, 
counting  forward,  of  the  great  outstaiuling  processes  for  the  in- 
sert ion  of  muscles  from  the  trunk  and  nedk;  it  is  developed  in 
and  from  the  thick  lateral  cartihiginons  mass  of  the  primoidial 
cranium,  connately  with  the  Otic  capsule  (petrosal).    BesideB  the 
*  mastoid  process,'  figs.  27,  29,  8,  a  second  so-called  *  tympanic 
process'  is  developed  in  some  Birds.*    The  articular  cavity  for 
the  bone,  28,  is  single  in  Apteryx,  Dinomb,  Strutkio,  and  a  few 
other  birds,  but  double  in  most ;  in  Aptormt  there  are  three 
articular  surfaces.*  The  mastoid  process  varies  in  shape  and  osc; 
in  a  few  birds,  as  in  Calyptorhynchus  and  Aptornis,  it  repeats 
the  secondary  character  more  commonly  seen  in  Keptil^  by  unit- 
ing with  the  third  cranial  diapophysis,  12,  and  forming  an  npper 
zygomatic  arch  across  the  temporal  fossa.*    The  oj)tic  foramina 
indicate  the  orbitosphenoids,  which,  like  neurapophyses  of  the 
trunk,  in  certain  instances,  coalesce  below  and  divide  their  seg- 
ment of  the  neural  axis  from  the  vertebral  centrum.    In  Birds 
they  arc  uplifted,  as  in  the  Perch  (vol.  i.  fig.  85,  lo),  far  above 
the  representative,  9,  of  their  centrum.    The  divergence  of  the 
ncuml  laminse  above  the  median  confluence,  to  support  the  pros- 
encephalon, is  well  shown  in  cal.  fig.  8,  and  in  the  specimen, 
No.  1,363,  XLIY.,  p.  262.    In  the  antecedent  neurapophyses,  i*, 
the  tendency  to  median  confluence  increases,  and  they  become 
coiifiuLiit  not  only  below,  but  above  their  segment,  encompassing 
the  canal^  foramen,  or  foramina,  for  the  olfactory  nerves  (rhi- 

•  Bostard,  xriir.  vol.  iiL  p.  352.  pi  52,  fig.  9,  8'.  »  lb.  p.  351. 

»  lb.  p.  3r)2,  pi  52.  fi-.  1,  8,  12;  rxL-.  pi.  1,  fip.  1,  8,  12.    In  the  memoir  above 
cited  this  skull  U  described  as  belonging  probably  to  D.  Caswuimu,  ib.  P' 
it  il»  hoireTcr,  of  D,  ^li^nuM,  dnce  gOMrically  separated  m  ApkfnoM, 
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nencephalic  prolongations  of  the  neural  axis),  and  in  some  birds 
expanding  above,  and  appearing,  as  in  Batrachia,  on  the  exterior 
of  the  cranium,  as  between  ii  and  15,  in  fig,  29,  and  at  u,  fig.  31. 
The  confluent  prefrontals,  fig.  28»  u,  support  the  fore  part  of  the 
frontala,  li,  and  a  greater  proportion  of  the  nasals,  is ;  thej  are 
in  most  birds  raised  far  above  the  (hypa- 
pophyaial)  ossifieation  of  the  lower  cor- 
tical part  of  their  centrum,  called  the 
*  vomer,'  fig.  32,  13,  the  laige  eyeballs, 
and  their  thin  but  deep  interorbital  sep- 
tum, being  interposed;  this  septum  is 
ossified  in  different  degrees  in  different 
birds.  The  typical  position  of  the  pre- 
frontals is  retained  in  Apteryx  and  Z>t- 
namis.  The  condition  of  the  prefrontals 
in  some  fishes  {Xiphtasy  will  aid  the 
comprehension  of  the  devdopement  of 
the  prefrontals  between  the  orbits  in 
these  wingless  birds.  The  firontals  are 
large,  triangular  (fig.  29,  11),  or  sub- 
rhombrnd,  plates.  The  post>-firontal  ap- 
pears as  a  distinct  bone  in  some  birds 
(Emeu)'  fig.  31,  is;  it  varies  much  in 
length ;  it  bends  down,  and  is  the  longest 
of  the  three  cranial  diapophyses  in  the 
Eagles ;  it  curves  forward,  meets,  and 
coalesces,  with  a  backward  production  of 
the  lacrymal  in  some  Parrote,fig.  30,  o 

The  nasal  bones  rarely  unite  with  each  other  in  any  proportion, 
fig.  29, 15  ;  in  most  birds  they  are  separated  by  the  union  of  the 
nasal  process  of  the  preraaxillary,  22', 
with  the  frontal  or  prefrontal :  save  in 
the  Kineu,  fi^.  31,  15,*  and  some  other 
Struth{onid(Py\\\('  \\;\^[\\  lulurcates  Jinte- 
riorlv  to  fomi  the  hind  l)<>undarv  of  the 
ii(»stril,  and  the  hiiKh  r  }>roTiji  descends 
to  join  the  maxillary,  dividiiifr  the 
nobtril  t"rt)m  the  antoihital  vneiiitv. 

The  premaxillury,  fi<(s.  28  32,  22, 
upon  whi<-h  the  n]>per  niandi))le  is  moulded,  follows,  in  a  minor 
degree,  all  the  varieties  of  that  much  diversified  part  in  Birds :  it 

*  cu*.  ^  ftS,  pL  1,  flg.  8.  U.      •  xvin*.  ToL  III  pL  S»,  figi.  1  and  S,  13. 

*  XTiii*.  T0I.  iii.  pi.  S9, 14. 
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18  a  fliiigle  bone,  expands  from  before  backward*  and  divides  into 
a  superior  and  medial  nasal  process,  ib.  s/,  and  a  pair  of  infero- 
latenl  maxillary  processes,  ib.  is ;  the  interval  between  the  nssal 
and  maxillary  processes  being  ^e  fore  part  of  the  outer  bony 
nostriL  The  nasal  process  indicates  by  a  median  slit  or  groove  the 
typical  dualily  of  the  bone  in  the  GalUnm  and  a  few  other  birds: 
the  maxillary  process  usually  sends  off  a  *  palatal '  plate,  fig.  32,  tt 
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The  maxillary,  figs.  27-32,  21,  is  a  small  aiul  iisnally  slender 
bone,  anteriorly  exj)aiKle(l  and  eri<^rainctl  into  the  notch  be- 
tween the  maxillary  and  palatal  ])r()('esses  of  the  premaxillary : 
usually  uniting  also  with  the  nasal,  and  in  s(mie  hirds  with  the 
laerymal,  73,  and  vomer,  n  ;  it  then  bifurcates  j)<)st<'ri<»rly  on  the 
horizontal  plane  to  join  the  malar,  26,  and  the  palatine,  ao.  Tin; 
palatine  process  sonu'times  developes  from  its  upper  surface  a 
turbinal  structure.  In  the  Khea  the  palatine  ])latc  of  the  ma  xil- 
lary  is  perforated:  in  the  Emeu,  Ostrich,  Apteryx,  and  in  most 
birds,  it  is  entire:  it  is  of  great  breadth  in  the  Night-jars  (  Ctipri- 
niulf/ffs,  Podf/n/us),  and  is  both  huig  and  broad  in  the  Apteryx. 
In  Strutldo  and  Rhea  the  maxillary  sends  uj)ward  a  process  to- 
wards the  nasalf  the  descending  maxillary  process  of  which  is 


wanting. 


The  palatines,  fig.  32,  20,  articulate  by  a  longitudinally  grooved 
mesial  surface  to  the  vomer,  v^  (Enwii),  more  commonly  to  botii 
this  bone  and  the  presjdienoid,  or  to  the  latter  only:  they  give  at- 
tachment posteriorly  to  the  pterygoids,  24 :  they  diverge  as  they 
extend  forward,  developing  a  *  meatal '  plate  mesially,  which  par- 
tially bounds  the  posterior  nostril,  and  a  'muscular'  plate  externally 
for  the  attachment  of  the  entopterygoideus ;  they  then  extend  for- 
ward, parallel  or  converging,  to  join  the  maxillaries,  and  some- 
times also  the  vomer,  and  there  complete  the  roof  of  tlie  mouth, 
iln  the  StruthionidiB  the '  palatal '  part  is  short  and  broad ;  arti* 
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culates  laterally  with  the  maxillary,  and,  as  it  retrogrades,  ex- 
pands, mesiad,  to  abut  upon  the  presphenoid  {Sfr?if/iio)  or  hind 
part  of  the  vomer  (Drnmaiusy  fig.  32,  13),  and  to  articulate  with 
the  pterygoids :  the  palatines  nowhere  meet  in  the  median  line, 
a.nd  the  meatal  ])rocess  is  wanting.  Jn  the  Apteryx  the  })alatines 
coalesce  anteriorly  with  the  maxillariea,  posteriorly  with  the  pte- 
rygoids, have  a  straight  outer  and  a  concave  inner  border,  from 
which>  posteriorlyj  is  continued  the  '  meatal '  plate  curving  inward 


81 


Skall  «f  Bn«a  {DnmalmA. 


and  forward,  obliquely,  about  the  hind  part  of  the  meatus,  and 
applying  itself  mesiad  to  the  vomer  and  j)resphcnoid.  In  Nata- 
tores f  and  most  Grallatores,  the  palatines  meet  each  other  jK)ste- 
riorly,  for  a  short  extent,  before  diverging  as  they  advance  to 
boimd  posteriorly  the  palatine  nostril.  In  the  Felecajiidcn  the 
mesial  union  ifl  extensive  Beneath  the  presphenoid  and  vomer. 
In  Tinamus  the  palatines  join  behind ;  they  there  touch  each 
other  for  a  shorter  extent  in  ColumbidcB;  but  in  most  Gailinacea 
they  are  kept  apart  by  the  presphenoid.  In  Podargut  and  some 
other  Fissirostrals  the  palatines  are  short  and  broad,  and  exten- 
sively joined  together  behind  the  small  palatal  nostril.  In  Hap^ 
toret  the  palatines  meet  behind  beneath  the  presphenoid  and 
vomer:  the  meatal  plate developes  a  ridge,  descending,  to  increase 
the  concavity  of  the  entopterygoideal  surface,  the  outer  border  of 
which  also  descends  ;  and  these  carinal  boundaries  of  that  surface 
are  found  in  many  birds.  The  extent  of  the  palatine  plate  varies 
in  different  birds;  it  is  largest  in  StrutkiomdiB,  large  in  Raptores, 
and  least  in  the  GaUintB :  in  the  Tinamous  and  Pigeons  it  is  of 
moderate  size.  In  the  Emeu  it  has  a  large  vacuity;'  it  is  per- 
forate in  Tinamuif  and  in  some  Grallatoret, 

The  pterygoids,  figs.  27,  32,  84,  articulate  with  the  outer 
and  hinder  angles  of  the  palatines  by  a  squamous  overlapping 

.»  XTI-.  Tol.  iii.  pi.  39,  fig.  2,  ao. 
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suture  in  Struthio,  where  they  are  wide  apart,  and  pass  ahnost 
parallel  backward  to  join  the  pterapophvBes  of  the  basisphenoid 
and  the  tympanies;  developing  a  broad  plate  mesially  to  abut 
upon  the  presphenoid :  theb  pdUatine  ends  are  nearer  each  other, 
and  their  course  to  the  tympanies  more  divergent,  in  the  Emeu, 
Apteryx,  Hemipode :  tliev  touch  each  other  anteriorly  in  some 
birds;  and,  in  a  few  (Podiceps,  Sula,  Ibis,  Argala^  Scolopax), 
hare  a  short  extent  of  mutual  junction  before  diverging.  In 
Rhea  the  fore  part  of  the  pterygoid  is  slender,  is  attached  to  the 
vomer  and  presphenoid,  traverses  obliquely  the  upper  surface  of 
the  palatine  plate,  with  which  it  ultimately  coalesces,  and  becomes 
engrained  between  the  pterapophysis  and  orbital  process  of  the 
tjrmpanic  before  abutting  upon  the  inner  and  lower  condyle  of 
that  bone*  In  general  the  pterygoids  are  straight  and  slender; 
they  diverge  at  an  open  angle  in  Baptores,  at  an  acute  angle  in 
Colymbus,  are  nearly  parallel  and  longitudinal  in  Struthio,  with 
intermediate  relative  positions  in  other  birds.  lu  Maptares  their 
connections  are  limited  to  the  essential  terminal  ones  with  the 
palatines  and  tympanies:  in  some  other  birds  they  articulate, 
occasionally  by  a  distinct  process,  with  pterapophysial  extensions 
of  the  basisphenoid,  limiting  the  movement  of  the  tympanic,  and 
adding  strength  and  fixity  to  the  upper  mandible :  in  most  birda 
there  is  a  prominence  or  process  from  the  hinder  border  for  liga^ 
mentous  attachment  to  the  basisphenoid.  In  Bh€a  there  is  an 
articular  prnrcBs  for  t]ie  or1)ital  plate  of  the  tympanic»  Xhe 
tympanic  joint  is  double  in  Pheasants  and  Plovers. 

The  bone,  figs.  28-32,  26,  answering  to  that  so  numbero  l  in 
figs.  91,  92,  93,  95,  vol.  i.,  is  a  straight,  slender,  usually  triedral, 
style  in  birds,  articulating  with  20  by  one  end  and  with  97  by  the 
other,  and  in  some  birds  being  joined  by  a  descending  process 
from  the  lacrymal.  It  combines  all  the  essential  homological 
characters  of  the  'malar,'  those,  vi/.,  derived  from  relative  position 
and  connections ;  and  exemplifies  the  unimportance  of  configura- 
tion :  sho^ving  the  opposite  extreme  to  the  scale-like  shape  of  the 
bone  in  the  Turtle,  fig.  91,  S6,  vol.  L  The  malar  of  the  Crocodile, 
fig.  95,  26,  of!'ers  an  intermediate  modification  of  form*  The 
nudar  in  the  bird  overlaps  the  nuudllary  by  an  oblique  suture,  ss 
in  tlic  Reptiles. 

The  zygomatic  connection  between  the  maxillary  and  tympanio 
is  completed  by  the  bone,  28-32,  27,  which  has  the  fsuoA 
slender  figure  as  26,  with  which  it  early  coalesces ;  but  preserves 
a  moveable  articulation  with  as  by  a  convex  condyle  adapted  to 
the  acetabulum  on  the  outer  side  of  the  tympanic   The  two 
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bones,  2fi  and  27,  wliicli  become  blended  torrethcr  in  young 
Sfrnfltiouifla?.  before  the  confluence  with  the  maxillary  is  complete, 
extend  backward  in  all  adult  birds,  usually  in  a  straight  line, 
from  the  maxillary  to  the  tympanic.  In  the  Cassowary  the  zygo- 
matic arch  j)rc.sent8  a  slight  expanse  and  outward  bend  of  the 
squamosal;  in  Didus  it  shows  a  slight  downward  as  well  aa 
outward  bend.  In  some  Parrots  and  in  Hornbills  {Buccros)t 
the  malo-squamosal  zygomatic  style,  fig.  30,  /,  has  a  moveable 
cotyloid  joint  at  both  ends ;  in  some  Caprimtdjui  it  is  anchylosed 
at  both  ends. 

In  the  birds  in  which  the  upper  mandible  is  moveable,  either, 
as  in  Parrots,  by  articulation,  or  as  in  many  other  birds  by 
flexibility  of  the  nasal  process  of  the  premaxiUary,  the  movements 
of  the  tympanic^  to  and  fro»  upon  its  proximal  joint,  are  transferred 
by  the  zygoma  to  the  maxillary,  and  by  the  pterygoid  to  the 
palatine:  and  thus  by  the  forward  rotation  of  the  tympanic  the 
upper  jaw  is  raised,  at  the  Fame  time  that  the  lower  jaw  by  the 
action  of  the  digastricns  may  be  depressed. 

Before  anatomy  had  reached  its  homdogical  phase,  omitho- 
tomists  called  the  zygomatic  styles  *  ossa  communicantia,^  and  the 
pterygoids  'ossa  homoidea,  sea  interarticalaria $ '  the  following 
bone  >vas  termed '  os  quadratmn,* 

In  the  tympanic,  figs.  28, 31, 2s,  are  to  be  noticed  the  'mastoid* 
and  'mandibular '  ends,  and  the  intermediate  body  giving  attach- 
ment at  its  huk  part  to  the  ear-drum,  and  sendhng  firmn  its  fore 
part  the '  orbital*  process.  The  mastoid  articular  end  is  obliqudy 
extended  from  behind  forward  and  outward:  the  body  slightly 
contracts  below ;  then  expands  and  becomes  triedral  at  the  set- 
ting off  of  the  broad  compressed  angulair  orbital  process:  below 
this  process  the  mandibular  end  is  much  expanded,  chiefly  trans- 
versely :  it  presents  two  articular  surfaces ;  the  outer  one,  elon- 
gate or  reniform,  partly  concaye,  partly  convex ;  the  inner  one 
a  shorter  elliptic  or  oblong  convexity;  the  intermediate  non- 
articular  tract  varies  in  different  birds.  On  the  outer  side  of  the 
mandibular  end  ii  a  hemispheric  articular  cavity  for  the  'squa- 
mosaL*  In  most  birds  the  mastoid  condyle  is  divided  into  two, 
the  inner  and  posterior  encroaching  upon  the  parocdpital,  and 
showing,  in  an  interesting  way,  the  course  of  retrogression  of  the 
ty  mpano-mandibular  arch  from  the  flsh  to  the  warmblooded  ovipara. 
Most  Cursores  and  Basores,  Apteryxy^  Pezus,  RhynchotiSf  have 
but  one  condyle,  as  in  Lizards.  The  ear-drum  is  attached  to  the 
back  part  ul'  the  pedicle  obllc^uely  from  its  outer  niargiu  above  to 

*  XVI'.  torn.  iii.  pL  39,  figs.  8, 9,  and  xxiv. 
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the  inner  one  below,  whence  the  membrane  is  oontinued  to  the 
bwlsphenoid,  paroccipital,  and  round  by  the  mastoid  to  the  tym- 
panic again.  A  ]jart  of  the  periphery  of  the  drum  may  show  an 
epiphysial  bony  rim.  In  some  birds  there  is  a  well-defined  flat 
oval  surface  on  the  outer  side  of  the  pedicle  for  a  corresponding 
surface  on  the  mastoid  process : '  most  show  a  distinct  artieiilar 
surface'  on  the  inner  side  of  the  lower  part  of  the  base  of  th« 
orbital  plate  for  the  pterygoid :  thus,  including  the  squamosal  fit 
and  two  mandibular  condyles,  there  may  be  not  fewer  than  seven 
articular  surfaces  in  the  tympanic  bone  of  the  Bird.  Its  orbital 
process  is  a  greater  developement  of  the  anterior  lamina  of  the 
Crocodile's  tympanic,  fig.  93,  28,  vol.  i.  ;  the  size  of  the  jiroc^ 
is  one  of  the  chief  characteristics  of  the  tympanic  in  tlie  Bird,  and 
shows  much  variety  of  shape  and  proportion  in  the  class.*  Its 
apex  may  be  truncate  (Z)/V/m.v),*  or  rounded  {  Dinor7iis\  orjwinted 
(Aqiiihi).  A  hirgc  pneumatic  ft)ramen  may  be  situated  on  the 
inner  side  of  the  pedicle;  or  on  the  hinder  facet  below  and  be- 
tween tlie  upper  condyles,  or  in  both  situations. 

The  mandihle  or  lower  jawbone  is  ossified  usually  from  nine 
centres ;  the  anterior  being  the  ^ir^t  to  appear,  forming  the 
chief  and  characteristic  part,  fig.  25,  li.  iii,  of  the  bone.  It 
bifurcates  as  it  extends  backward  to  form  the  homologues  of  the 
dentary  elements,  fig.  31,. 32,  which  are  thus  '  connate  '  at  their 
symphysis.  The  Pelicans  are  an  excei)tion,  and  exemplify  the 
normal  separate  ossification  of  each  dentary,  becoming  sub^e- 
(piently  confluent  for  a  small  extent  anteriorly.'*  The  *8uran- 
gular,'  ib,  29',  speetlily  unites,  if  it  be  not  connate,  with  the 
<  articular,'  29 :  the  angular,  3o,  remains  longer  distinct,  but  co- 
alesces first  with  the  articular  :  the  splenial  element,  ni,  coalesces 
first  with  the  dentary,  and  retains  longest  its  primitive  indepen- 
dence posteriorly. 

In  the  Garefowl  (Alea  impennis),  each  dentary  retains  its  bi- 
furcate hind  end  distinct,  the  upper  prong  overlapping  the  siir- 
angular,  the  lower  one  the  angular  ;  and  these  two  latter  elements 
are  divided  by  an  oblon^^  space  partly  closed  within  1)v  the  sple- 
nial :  there  is  also  a  foramen  at  the  back  part  of  the  suraugular. 
The  splenial  retains  it^  distinctness  posteriorly,  and  a  groove  on 
the  lower  margin  of  the  ramus  indicates  the  extent  of  its  for- 
ward production  to  its  confluence  with  the  dentary.  A  vacuity 
between  the  angular  and  surangular  remains  in  many  birdsi 

>  XTi'.  »ol  iii.  p.  356,  pL  53,  fig.  9,/  •  lb.  fig.  10,  g, 

»  Compare  ib.  pi.  39,  figs.  7,  8,  9,  a,  and  pi  53,  figt,  8,  9,  A. 
*  ib,  vol.  iii  p.  35.  '  xxni*. 
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e.g.  CracticuXf  AnthocktBrat  Lanius,  amongst  CantoreSy  but  chiefly 
ill  the  aquatic,  wading,  and  terrestrial  orders  ( Tctrao,  Dinor- 
nis,  DiduSy  Notornis^^  Porpht/rioy  Tantalus^  Rhyjicops^  Uria). 
The  Coots  show  a  .second  elliptical  vacuity  at  the  ba&e  of  the 
coronoid  rise  of  the  .-uraii^ulai.'^  In  Rhyncopsy  the  long  com- 
pressed symphy^ial  part  of  the  mandible  descends  below  the 
level  of  the  angular,  the  lower  border  of  the  mandible  having  a 
deep  notch  there.  The  symphysial  part  pa i  takes  in  a  minor 
degree  of  all  the  various  modifications  of  the  lower  mandible. 
The  angular  is  chiefly  extended  transver.^ely,  and  to  the  inner 
side  of  the  ranial  axis,  to  form  the  surlaees  ada})ted  to  the  tym])a- 
riic  condyles,  a  deep  and  Fuioolh  dej)re.ssion  usually  tli siding 
them:  the  inner  joint,  in  l^arrots,  is  a  longitudinal  frioove ;  the 
outer  one  is  a  longitudinal  convexity.  An  angular  ]M-orcss 
extends  from  the  inner  or  medial  side  of  the  articular  expansion; 
tiiere  i&  ako,  in  some  birds,  a  similar  f^rocess  from  itis  back  part, 
and  this,  in  the  Grouse  tribe,  e8i»ecially  the  male  UroffdUus,  is 
mn«-li  elonpited  and  tjrnt  up.  The  temporal  muscles  are  inserted 
into  an  elongate  rough  tract,  or  slight  elevation  of  the  upper 
border  of  the  surangular :  it  is  rarely  raised  into  a  'coronoid* 
proces-  !  but  this  is  conspicuous  in  the  conirostral  Cnntores,  and 
CHpeeiaiiy  in  the  Grosbeak  and  Crossbill.  The  latter  bird  shows 
a  want  of  symmetry  in  the  mandibular  rami  ;  and  there  is  a  large 
sesamoid,  we<lged  into  the  back  and  inner  part  of  the  joint  of  the 
lower  jaw.' 

Through  tiie  arrested  developement  of  the  hyoid  arch  (cerato- 
and  stylo-hyals),  the  tongue  of  Birds  is  not  suspended  by  attached 
inverted  piers,  but  is  slung  to  the  cranium,  when  its  branches  aie 
sufficiently  long>  by  *  thyro-hyals/  usually  including  the  hypo-,  figs* 
26y31,46,  and  cerato-,  ib.  47,  brancbial  elements;  they  are  long 
and  slender.  The  basihyal,  figs.  26,  3 1 , 33, 4 1 ,  bky  is  subcylindrical 
and  expanded  at  the  ends;  the  front  end  usually  presenting  a 
trochlear  articular  surface,  convex  transversely,  concave  vertically, 
for  the  glossohyal,  or  for  the  ceratohyal,  or  for  both  elements. 
The  ceratohyal,  ib.  4o,  cA,  is  always  short,  usually  extending  for- 
ward from  its  attachment  as  well  as  backward,  and  the  forward 
production  often  unites  with  its  fellow,  so  as  to  form  the  basal 
part  of  the  direct  support  of  the  tongue.  In  tliis  case  the  glosso- 
hyal, ib.  42,  articulates  with  the  ceratobyals;  rarely  also  with 
the  basi-hyal,  bh,  as  in  the  Crane,  fig.  33,  c.    The  basihyal  is  of 

*  XVI'.  vol  iii.  pL  53p  fig.  I.  *  Ib.  figs,  t  aod  7,  w. 
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extreme  lenglli  and  tenuity  in  the  Woodpeckers,  ib.  bh,  D,  and 
supports  at  its  tore  end  the  barbed  glossohyal,  ib.  gh.  Sometimes 
tlie  uruhyal,  fig.  oj,  43,  is  coulluent  with  thebai^ihyal(^/c«  impennis, 

Vanelh/s,  Columba);  more  often 
articulated  therewith,  or  with 
both  basi-  and  iliyro-hyals,  fig.  33, 
C,  uh  (Grus  cinerea),  Tlie  '  thyro- 
hyuls  '  usually  retain  the  two  ele- 
ments of  the  brum  liial  arch  above 
cit-ed,  liiiil  ^-hown  in  figs.  2G  and 
31,  46  and  47,  fig.  33,  hb,  cb. 

Only  in  a  skull  of  the  extinct 
Apt  onus  have  I  seen  an  ossified 
*  f^tylohyal : '  it  was  anchylosed  as 
a  styloid  process  to  the  side  of 
the  inferiorly  produced  ba&isphe- 
noid.* 

The  bone,  figs.  2G,  28,  29,  31, 
73,  situated  at  the  fore  part  of  the 
orbit  and  pierced  or  grooved  by 
the  lacrymal  duct,  articulates, 
when  not  anchylosed,  to  the 
frontal,  nasal,  and  j)refrontaI ;  it 
usually  sends  one  |)rocc.ss  from 
its  ui)}>er  i)art  arching  over  the 
upper  and  fore  part  of  llic  i  bit  ; 
and  a  second  ^irooess,  from  its  un- 
der part,  downward  to  abut  u]>on 
the  niaAillarv.  dividing  the  orbital 
from  the  antorbitn]  vacuity. 

Like  the  lacrymal  in  Fishes, 
this  b(me  in  some  birds  is  con- 
nected with  a  suborbital  frame 
extending  to  the  post-frontal 
(^MarroccrcuSi  Strigops)^  fig.  30, 
o,  </,  and  even  with  the  mastoid 
( Cali/ptorhynchus,  Plyctolopkus^ 
Licmetes,  Microglossus  aterHmu9, 
Lathamus), 

The  superorbital  part  of  the  lacrymal  is  broad  and  flat^m  Aquila, 
and  articulates  with  a  similar  superorbital  derm-bone:  in  VuUur 


>  XT1-.  vol.  lit.  pL  52,  fig.  3,  38. 
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it  is  longer  and  more  slender.  In  Casaarius  the  lacryniul  (X)alcsces 
with  the  frontal,  prefrontal,  and  nasal,  hut  retains  its  freedom 
in  other  Stnitluujiidce,  The  lacrymai  is  very  large  in  Dacelo 
and  TrocJiilus,  fig.  18,  /. 

The  ?kull  in  the  RaptoreSj  especially  in  the  noetiirnal  division, 
is  short,  broad,  and  high,  in  proportion  to  its  I  ngth,  and  tlic 
cranium  is  large  compared  with  the  face.  The  occijiital  foramen 
is  almost  horizontal.  The  superoceipital  nuiseular  depressions  are 
wel!  defineil.  The  temporal  fossae  are  not  very  deep,  and  are 
wide  apart  superiorly.  The  cerebral  convexities  are  not  stronorly 
marked ;  the  frontal  region  is  tlat.  A  longitudliud  furrow 
cxtendb  aloog  the  whole  upper  surface  of  the  cranium  in  some 
OwIb. 

The  cranium  of  the  Warblers  presents  a  more  regular  sphericity, 
but  the  interorbital  space  is  very  concave.  The  anterior  parietes 
of  the  orbits  are  large,  from  the  size  of  the  lacrymal  bone  and 
of  the  transverse  lamina  of  the  prefrontal ;  the  internal  and  pos- 
tenor  orbital  parietes  are  defective  ;  the  optic  foramina  are  com* 
monly  blended  into  one,  and  continuous  with  the  larger  fissures 
above. 

In  the  Parrots  the  upper  surface  of  the  cranium  is  flattened  or 
slightly  convex,  and  greatly  extended  in  breadth  between  the 
orbits  for  the  articuktion  of  the  naso-premaxillary  bone,  fig« 
30,  n. 

In  the  Toucans  the  cranium  slightly  increases  in  breadth  to 
the  anterior  part  where  it  is  joined  to  the  enormous  biU.  Its 
superior  surface  presents  an  equable  convexity.  The  temporal 
fossic,  like  those  of  the  Parrots,  are  small,  and  wholly  confined  to 
the  lateral  aspects  of  the  cranium.  The  posterior  surface,  which 
is  absolutely  concave  in  the  Macaws,  from  the  backward  ezten* 
sbn  of  the  parocdpitab,  is  shghtly  convex  in  the  Toucans,  where 
it  is  separated  from  the  upper  surface  by  a  regularly  arched  ridge. 
The  cerebellar  prominence  extends  over  the  occipital  foramen,  die 
plane  of  which  inclines  forward  and  downward  from  thehoriasontal 
line  at  an  angle  of  45^  The  circumference  of  the  orbit  is  un- 
inclosed  by  bone  at  the  posterior  part,  the  postorbital  processes 
of  the  frontal  not  being  developed  as  in  most  Parrots.  The 
septum  of  the  orbits  is  very  incomplete.  The  nostrils  opoi  on  the 
posterior  part  of  the  upper  mandible,  which  presents  a  smooth 
entire  surface  formed  by  the  thin  parietes  of  the  dilated  cellular 
osseous  tissue* 

In  the  Uelmeted  Hombill  {Bueeros  gaUatus)  the  outer  sur- 
face of  the  skull  is  sculptured  with  irregular  furrows  and  risings. 
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recaUing  the  surface  of  the  skull  in  the  Crocodiles.  The  ocdpnt 
is  ooncave,  and  separated  by  a  strongly  developed  ridge  from  the 
temporal  fossss,  which  almost  meet  at  the  yertez.  The  bony 
septum  of  the  orbits  is  complete,  and  formed  by  two  strong  plste8» 
separated  by  an  intermediate  ceUuhv  diploe,  except  at  the  pos- 
terior part  The  optic  foramina  are  distinct ;  each  is  directed 
transversely  outwards. 

In  the  Woodpeckers  the  cranium  is  rounded,  the  temponl 
fossie  shallow,  the  internal  wall  or  septum  of  llie  orbits  incom- 
plete, but  the  anterior  boundary  is  well  developed.  The  posterior 
{*acet  of  the  cranium  is  raised.  The  superior  surface  is  to^vened 
by  a  wide  furrow  extending  longitudinally  forward,  generally  to 
the  right,  but  sometimes  also  to  the  lef^  as  far  as  the  lacrymal  bone. 
In  some  of  the  larger  species  of  Woodpecker,  as  the  IHetts  major, 
L.,  the  cranial  furrow  is  more  symmetrical.  In  the  Humming- 
birds it  is  double,  the  hyoidean  furrows  being  separated  at  first 
by  the  cerebellic  protubmnce,  and  afterwards  by  a  mesial  longi- 
tudinal ridge. 

The  skull  is  remarkable  for  its  length  in  the  majority  of  the 
Waderg,  In  the  Herons  and  Bitterns  the  occipital  region  is  low, 
and  inclines  from  below  upward  and  forward;  it  is  separsted 
from  the  upper  and  lateral  regions  by  a  well-developed,  sharp, 
lambdoidal  crest ;  and  it  is  divided  into  two  lateral  moieties  by  a 
slight  longitudinal  ridge.  The  temporal  fossie  are  deep  andwide^ 
and  extend  upward  to  the  sagittal  line,  along  which  an  osseous 
crest  is  developed.  The  cranium  is  expanded  anteriorly  to  tlie 
above  foessB,  for  the  lodgment  of  the  cerebral  hemiBphcres,  the 
interspace  of  which  is  indicated  by  a  deep  longitudinal  furrow* 
The  roof  of  the  orbits  is  expanded  laterally,  which  gives  great 
breadth  to  this  part  of  the  head,  but  the  posterior  orbital  wsUb 
are  very  imperfect,  and  the  internal  walls  or  septum  almost  wholly 
wanting.  The  optic  foramina  are  blended  with  each  other  and 
with  the  smaller  foramina,  which  in  other  birds  represent  ihefora^ 
men  lacerum  orhitah. 

Woodcocks,  Snipes,  Curlews,  and  Lapwings  resemble  HerooB 
in  their  defective  bony  orbits;  but  they  want  the  extended 
superior  parietes  of  those  cavities,  and  differ  much  in  the  almost 
spherical  form  of  the  cranium,  which  is  smooth  and  devoid  of  the 
muscular  ridges  characteristic  of  the  fish-feeding  GraUa,  In 
this  order  the  premaxillary  bones  present  some  of  their  most 
eccentric  ftnrms.  They  are  narrow,  elongated,  and  curved  down- 
ward in  the  Ibises  and  Curlews;  bent  upward  in  the  contrary 
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direction  in  the  Avosets :  extended  in  a  straitrlit  line  in  the 
Snipes  ;  singularly  widened  and  hollowed  out  in  the  Boatbills 
{Cancromd,  Ba/fPnirrps) ;  widened,  flattened,  and  dilated  at  the 
extremity  in  the  Sijoonliill  :  thickened,  rounded,  and  bent  down- 
wards  at  an  ohtuse  angle  in  the  Flamingo,  fig.  14. 

Among  the  Natatores,  the  Divers  (^Coli/mbus),  Grebes  {Podi- 
ceps),  and  Cormorants  (  Carho)  show  a  defective  condition  of  the 
bony  orbits,  and  of  the  anterior  parietes  of  the  cnuoium;  the 
septum  of  the  orbits  is  almost  entireij  wanting ;  in  place  of  the 
[Kisterior  orbital  parietes^  there  are  two  laciuue  leading  directly 
into  the  cranial  oavilyyOne  Buperior,  of  large  size,  and  oneinferior, 
smaller ;  they  are,  in  general,  separated  by  a  narrow  osseons  bar, 
but  in  the  Coulterneb  {Fratercula  arcHca)  this  is  also  wanting, 
80  that  all  the  orbital  and  optic  nerres  escape  by  a  common  open- 
ing. In  the  Petrels  and  Albatrosses,  the  internal  and  posterior 
walls  of  the  orbits  are  more  complete.  In  the  Dtomedea  exulans 
the  optic  foramina  are  separated  both  from  each  other  and  from 
the  neighbouring  outlet.  The  occipital  region  is  low,  and  divided 
into  a  superior  and  an  inferior  facet,  the  latter  being  concave 
from  side  to  side.  The  plane  of  the  occipital  foramen  is  almost 
verticaL  The  occipital  or  lambdoidal  crista  is  well-marked,  and 
the  temporal  fossa;  nearly  approximate  in  the  middle  line.  In 
these  Sea-birds  and  in  the  Gulls,  the  lateral  laconie  in  the  bony 
parietes  of  the  face  are  very  considerable. 

A  most  remarkable  characteristic  of  the  cranium  of  both  the 
Brachypterous  and  Macropterous  Sea-birds  is  the  presence  of  the 
two  deep,  elongated,  semilunar  glandular  depressions  extending 
along  the  toof  of  the  orbits.  In  the  aquatic  birds  which  frequent 
the  marshes  and  firesh  waters,  as  the  Anaitdm  or  LameUiroMtreSy 
these  glandular  pits  are  wanting,  or  very  feebly  marked,  as  in 
the  Swans.  They  are,  however,  again  met  with  of  large  size, 
though  shallow,  in  the  Curlews  {Numeniui)  and  Avosets  (RecuT" 
virastra) ;  and  are  also  found,  though  of  smaller  size,  in  the 
Flamingo. 

The  cranial  cavity  has  but  a  limited  range  of  size  in  the  class 
of  Birds,  although  an  extreme  one  in  relation  to  the  bulk  of 
the  body ;  that  of  the  smallest  Humming-bird  is  proportionally 
greater  than  in  any  other  animal,  while  that  of  the  great  Dinornis 
is  almost  cnicodilian  in  its  contracted  area :  the  size  of  tlie 
craniiun,  small  vl&  it  is  in  relaiion  to  the  trunk  ajid  legs  in  the 
j/iant  bird,  being  expanded  to  the  requisite  extent  ("or  muscular 
and  other  attachments  by  a  thick  pneumatic  cellular  diploe  bc- 
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tween  the  outer  and  inner  tables.*  The  owU  hare  a  rimilar  de- 
velopement  of  diploe :  in  most  birds  the  free  cranial  wall  is  tbin 
and  compact.  The  cavity  is  closely  moulded  to  the  brain,  and 
shows  well-marked  fosssa  for  the  cerebellum,  medulla  oblongala» 
optic  lobes,  hypophysis,  cerebral  hemispheres,  and,  in  Dinomit 
and  Apteryx,  for  the  olfactory  lobes.  Some  birds  show  also  a 
depression  upon  the  petrosal,  which  is  deep  in  the  Heron.  In 
Dinamu  an  upper  transverse  ridge  diyides  the  pros-  from  the 
ep-encephslic  compartment,  and  a  lower  one  divides  the  proe- 
£rom  the  mes-encephalic  compartment,  which  *  tentorial '  ridges, 
being  on  nearly  the  same  vertical  parallel,  afanost  equally  bisect 
the  cranial  cavify  into  a  wider  front  and  narrower  hind  dzviaon. 
The  roof  of  the  prosencephalic  compartment  sinks  a  little  into  the 
interspace  of  the  hembpheres,  and  is  here  usually  grooved  by 
the  longitudinal  sinus :  but  in  a  few  birds  it  developes  a  bony 
'falciform*  ridge,  which,  in  Bueero*  paleaius,  e.g.,  bisects  the 
fore  part  of  the  prosencephalic  compartaient. 

The  principal  foramina  observed  in  the  cranium  are,  in  the 
epencephaHc  fossa,  one  or  more  minute  *  precondyloid,*  the  lai^ 
foramen  for  the  '  vagiia  *  and  internal  jugular  vein,  the  meatns 
auditorius  intemus ;  in  the  mesencephidic  fossa  llie  *  foramen 
ovale  *  for  the  third  and  second  division  of  the  'fiflth,'  the  *  carotid/ 
which  opens  into  the  deep  '  sella/  the  '  foramina,*  which  trans- 
mit nerves  to  the  orbit,  not  always  distinct  from  the  wide  foramen 
opticum ;  this  also  being  blended  with  its  fellow  in  many  birds ; 
in  the  prosencephalic  compartment,  are  the  rhinencephalic  fora- 
mina, which,  in  Apteryx  and  Dinornis,  from  the  backward  exten- 
sion and  interorbital  position  of  the  enormous  olfactory  chambers, 
become  'rhinencephalic  fossa?,'  distributing  thereto  olfactory 
nerves  by  a  *  cribriform  '  plate. 

The  tympanic  cavity  is  formed  by  the  paroccipital,  basi-  and 
ali-sphenoids,  petrosal,  mastoid,  and  tympanic.  It  ])resonts  the 
stapedial  canal  leadinpi;  to  the  'fenestra  ovalib;'  and  jmeumatic 
apertures  by  wbich  the  air  from  the  luistaekian  tube  is  conducted 
to  the  ])ericranial  diploe.  The  *  petrosal  *  as  the  osseous  capsule 
of  tlie  acoustic  orf^an,  and  the  *  stapes,*  with  the  cartilaginous 
*  incus  '  and  *  malleus/  as  appendages  thereof,  >vill  be  noticed  in 
connection  with  the  sense-organs. 

The  orbits  arc  large  and  lateral,  but  encroach  upon  the  anterior 
wall  of  the  cranium,  the  eyeballs  moulding  it  into  a  pair  of  con- 
cavities looking  forward  and  usually  a  little  downward  and  out- 

'  m\  Tol  It.  pi  24,  fig.  4. 
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^vanl,  with  extreme  thinning  and  sometimes  partial  logs  of  bone. 
11ie  UHii  of  the  orbit  Ls  fonnecl  by  the  frontal,  prefrontal,  and 
lacrymal ;  the  hind  wall  by  tlu;  frontal,  ali-  and  orbito-sphenoids ; 
there  is  no  bony  floor;  but  the  eyehall  rotates  on  a  sort  of  air- 
cushion  restinpr  upon  the  palatal,  the  pterytjoid.  and  the  orbital 
2<r<)eess  of  the  tympanic.    Tlie  lK»!n  x  ]»timi  is  usually  more  or 
less  incomplete,  and  the  orbital  ireely  (;oiiiinuuicate8  witli  the 
temporal  vacuity.    Only  in  a  few  species  in  the  periphery  of  the 
orbit  comjjiered  by  bone,  as  in  certain  Maccaws  and  Cockatoos 
(^Marrocercus,  fi;^^.  30,  Pli/ctoiopkns,  Calyptorhi/nchus) ;    the  la- 
crymal extending  to  the  postfroutal       a  continuous  suborbital 
bar.    In  the  Woodcock  the  large  lacrymal  ?n  extends  the  front 
wall  of  the  orbit  as  to  cause  it  to  look  a  little  backward  as  well  as 
outward  :  and  tlie  orbits  are  so  large  as  to  push  the  brain-case  to 
the  lower  and  back  part  of  the  cranium.    In  the  Owls  the  post- 
frontak  haye  the  form  of  broad  thin  plates,  oompressed  £rom 
before  backward,  and  unuBuaUy  produced  downward  to  increase 
the  wall  of  the  large  orbit  and  give  it  a  more  anterior  aspect.  In 
most  diurnal  Raptores  the  upper  wall  of  the  orbit  ia  supple- 
mented by  a  dermal  oblong  flat  superorbital  bone,  ligamentously 
connected  with  tlie  lacrymal.    The  orbits  arc  smallest  and  worst 
defined  in  tlie  nocturnal  small-eyed  Apteryxi  there  are  no  super- 
orbital  ridges,  no  antorbital  or  postorbital  processes,  and  the  inter- 
orbital  septum  is  complete  and  thick,  the  optic  foramina  being 
wide  apart.    In  Dinornis  the  orbits  are  small,  and  also  divided 
by  the  rhinal  chamber:  but  the  superorbital  ridge  is  present  and 
developes  a  strong  postorbital  process.   The  interorbltal  septum, 
as  a  rule,  is  very  thin,  eren  when  entire,  as  in  Tachypete^y 
Cwadati  EwryMtomusx  it  maj  have  a  small  vacuity  (Aquild)  or 
a  very  large  one  (B«cenw),  or  two  or  three  as  in  most  birds. 

The  olfactory  cerebral  crura  emerge  from  the  cranium  at  the 
upper  angle  between  the  hind  wall,  roof,  and  septum  of  the  orbit ; 
groove  the  upper  part  of  the  septum  as  they  pass  forward  to 
penetrate  the  prefrontal  and  expand  into  the  rhinencephalon, 
dispersing  the  olfactory  nerves  to  the  turbinal  membranes.  The 
frontal  olfactory  foramen,  in  the  Reqpiore$f  is  smaller  Ihan  the 
prefrontal  one.  Between  the  Vulture  and  the  Crocodile  the  dif- 
ference is  that  the  rhinencephalic  crura  extend  along  a  eonunon 
canal  above  the  interorbltal  space  in  the  Reptile,  while  in  the 
Bird  the  ossification  of  the  septum  diodes  the  rhinencephalic 
fossa  into  two :  but  many  birds  resemble  the  Crocodile  in  tiiis 
respect  The  bones  which  hold  the  neurapophysial  rektion  to 
the  rhineneephala,  anterior  to  the  fiiontals,  are  the  same,  or  homo- 
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logons,  in  bothOotjfMira :  but  in  the  Bird  the  secondary  periplienl 
developniento  of  the  prefrontalB  are  suppressed  m  in  Babraduaiu 
and  some  fishes  {Xythias),^  in  which  thej  Ibrm  the  anterior  wall 
of  the  orbity  occupying  the  anterior  part  of  the  interorhital  ^Mce, 
joining  each  other  at  the  median  Une  by  an  eztensiye  vertiGil 
cellukur  surfiwe,  and  dividing  the  orbital  from  the  rhinal  caritiei 
In  the  ApUryx  and  JDmamU  the  latter  cavities  are  so  developed 
as  to  extend  backward  between  the  orbits  to  the  cranium,  the 
front  wall  of  which  forms  the  back  wall  of  the  rhinal,  instead  of 
the  orbital,  cavities. 

In  most  birds,  however,  the  orbits  intervene:  the  riunal 
chambers  are  small,  and  communicate  with  the  iij)per  and  back 
part  of  the  nasal  passages  on  each  side  of  the  prefrontal  septuok 
The  passages  are  partly  divided  by  bone  developed  from  the 
vomer.  They  usually  extend  obliquely  backward  firom  the  outer 
to  the  inner  or  palatal  nostrils :  but  in  the  Toucans  and  Honbilb 
the  nasal  passage  descends  vertically  at  the  base  of  tiie  huge  InlL 
The  outer  nostril  is  formed  in  front  by  the  premaxiUary,  be- 
hind by  the  nasal — each  bone  bifurcating  to  include  the  areti 
into  the  lower  part  of  the  circumference  of  which  the  maxillary 
usually  enters.  In  the  Rhea  and  Emeu,  fig.  31,  the  outer  bony 
nostril  is  incomplete  behind,  the  maxillary  process  or  prong  of 
the  nasal  not  being  developed.  In  the  Ostrich  it  does  not  reach 
the  maxillary.  The  external  nostril  is  near  the  apex  of  the  bill  in 
the  Cassowary.  In  the  Apteryx  the  external  nostrils  are  minute 
and  subterminal ;  but  a  linear  groove  extends  back  and  widens 
into  a  large  triangular  vacuity,  on  each  side  the  base  of  the 
upper  mandible  in  the  skulL  In  the  Petrels  the  nostrils  are 
pierced  at  the  end  of  a  tube  upon  the  upper  mandible.  Is  the 
PeUeanidm  there  is  no  outer  nostril.  The  bony  septum  between 
the  nostrils  is  rarely  entire.  The  nasal  passage  is  continued 
backward  between  the  vomer  and  palatine,  or  between  the  pre* 
sphenoid  and  palatine,  to  open,  usually  by  a  single  median  fora- 
men or  fissure,  or  by  a  pair  of  such,  divided,  as  in  Droma^f  ^ 
the  vomer,  fig.  32,  \z,  or,  as  in  Struthio,  by  the  vomer  and  pre- 
Bphenoid,  upon  the  palate. 

Amongst  the  cranial  peculiarities  in  Birds  may  be  noticed  the 
bony  style  attached  to  the  occiput  in  the  Cormorant:  the  light 
cellular  bony  core  or  support  of  the  thick  horn  or  horny  crest, 
in  Castutrhu  galeatu9%  which  is  expanded  and  flattened  behind 
in  Catuarius  Mooruk :  the  longer  and  narrower  horn-core,  re- 

»  XVI'.  p.  59,  pL  l,fig.  5,  U« 
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Btricted  to  the  space  above  the  orbits,  in  Orcophasis  Derby  anus : 
the  bony  extenaions  of  the  upper  part  of  the  premaxillary  in 
certain  Hornbills,  especially  Buceros  galeatns :  tlie  clcvjitcd  base 
of  the  short  and  thick  upper  mandible  in  Ourux  Pauxi:  the 
multiplied  siiperorbitals  in  Tinamus.  Nor,  perhaps,  should  the 
spherical  bony  cyst  above  the  lore  part  of  the  cranium  in  a 
variety  of  common  fowl  be  omitted,  though  this,  like  the  stunted 
mandibles  of  some  varieties  of  pigeon,  may  rather  rank  among 
the  phenomena  of  pathology. 

§  129.  Scapular  Arch  and  AppcjiiUuje. — The  siinpUv^t  (  (nifHtion 
of  tliiii  urcli  is  manifested  in  Aptfnjx  and  Dinornis.    it  cuii.-?ist.s 
of  scapula  and  coracoid,  uncomplicated  by  connection  -svith  the 
haimapophysis  of  any  other  segment:  moreover,  the  pleur-  and 
hajm-apophyiscs  of  tlie  occipital  rib  have  coalesced.    A  man  must 
shut  his  eyes,  and  with  a  tl'jlit  squeeze,  to  escape  recognising  the 
8iginfi<"unce  of  the  ^jropiiujiiity  of  the  scapular   arch  to  the 
hyoidean  one  in  the  eitibryo  bird.    As  developement  proceeds, 
segment  after  segment  is  uddi  d  to  the  cervical  series,  and  the 
i>ccipital  ri})s,  with  the  myeional  centres  supplying  their  appen- 
dages recede  far  bai'k  from  the  typical  position  tJiey  maintain  in 
the  Fish  (voL  i.  figs.  34,  8.5,  5i,  51/ ).    Tn  Dinornis,  as  in  Mura:na 
and  AnyuiSy  the  arch  has  no  ai)pendages.    The  scapula  is  rib- 
like, compressed,  slightly  bent,  measuring  l)ut  4^  inches  long  in  a 
species  {D.  robustus)  with  a  tibia  a  yard  long ;  it  is  barely  an  inch 
across  its  broadest  end  where  it  coalesces  with  the  coracoid,  and 
the  breadth  of  the  opposite  free  end  is  but  5  hues.    The  coracoid 
IB  straight,  2  inches  10  lines  long,  ^  inch  broad,  becomes  thicker 
to  its  sternal  end,  which  is  convex  and  adapted  to  the  small 
'  coracoid  *  fossa  at  the  angle  of  the  Btemum.    There  is  no  trace 
of  glenoid  cavity  at  the  confluence  of  the  two  bones,  but  the 
coniuent  part  ia  here  produced  into  a  ridge,  showing  that  there 
was  no  humerus,  and  that  the  fore-limb,  or  i^pendage  of  the 
scapular  arch,  was  wholly  absent  in  Dmami$, 

In  ApUryx  the  scapula  is  relatively  more  expanded  where  it 
coalesces  with  the  coracoid,  and  the  bone  is  broader  in  proportion 
to  its  length,  and  shows  a  vascular  perforation  near  the  humeral 
articulation,  as  in  the  Monitor  (vol.  i.  p.  174).  The  glenoid 
caTitjr  is  Terj  small,  but  of  the  usual  shape  in  Birds.  In  these 
the  scapular  arch  includes  on  each  side  a  teapuh,  fig.  19,  si,  a 
cemcaid  bone,  ib.  f  2,  and  a  elaeieU,  lb.  68— the  dLaTicles,  coalescing 
in  most  birds  at  theur  mesial  extremities,  constitute  a  single 
bone,  which,  from  its  peculiar  form,  is  termed  the  os  fureatartum 
Of  fureulum.  In  the  Ostrich  the  two  clavicles  are  distinct  from 
TOL.  II*  f 
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eadi  other,  but  ore  seyerally  anchylosed  with  the  coraooid  mad 
scapula,  80  as  to  fonn  with  them  one  bone  on  either  aide.  In  the 
Frigate-bird  the  daviciea  coaleaoe  with  the  ooraooida,  as  wdl  aa 
with  each  other  and  with  the  atemum.  In  ahnoat  every  otber 
apeciea  of  bird  the  scapula,  coracoid,  and  davide  are  moveaUj 
artieulated  to  each  other  throughout  life.  In  Rhea  and  CtBsuarhu 
the  acromial  element  or  daTicle  is  anchylosed  with,  or  rather  h 
a  coniinuoufl  ossification  from,  the  scapula ;  but  the  coracoid  bone 
is  free,  a  condition  which  the  bones  of  the  shoulder  present  in 
the  Chelonian  Reptiles  (vol.  i.  p.  172,  fig.  106). 

In  the  Emeu  {Dromaius)  it  is  interesting  to  observe  tiiat  eai  ii 
clavicle  commences  bv  a  distinct  ossification,  and  lonjr  continues 
se|jar:ue  from  the  scapula;  it  does  not  reach  the  stenuiui,  l»ut  hold?: 
the  same  relative  situation  as  liic  continuous  acromial  or  clavicular 
process  of  the  scapula  in  the  other  Strulhiuus  birds.  The  cla- 
vicles are  distinct  from  each  other  and  from  the  coracoid  in  some 
Ground  rai  iDts  and  cai'poplian;<nis  Doves  (  Cohimha  rfnhnta,  e.  g. ). 

The  scapula f  fig.  19,  5i,  is  broader  and  llutter  in  the  Penfr«in« 
(^Aptcnodiftei)  than  in  other  birds.  In  the  rest  of  the  class  ii  is  4 
long  and  narrow  sabre-shaped  bone,  increasing  in  thickness  a»  it 
approaches  the  joint  of  the  shoulder;  there  it  is  extended  in  the 
transverse  direction,  forming  externally  the  posterior  lialf  of  the 
glenoid  cavity,  and  being  internally  more  or  less  produced,  acn>- 
mially,  to  meet  the  clavicle,  while  it  is  strongly  attached  in  the 
remainder  of  its  anterior  surface  to  the  mrjicoid.  The  blade  of 
Uie  scapula  may  expand  towards  the  tree  end  (GaiiiHte);  and 
this  may  be  obliquely  trunc  ite  (GnUina-)j  or  taper  to  a  point 
(most  Arcs),  which  point  may  be  decurved  {Cohtmhn)  ;  itis  rarely 
obtuse  ( Tt  traoy  Apteryx,  Dinnruis).  The  position  of  the  scapula 
is  longitudinal,  being  extended  backward  from  the  shoulder, 
parallel  to  the  vertebral  column,  towards  which,  however,  tl 
presents  a  slight  convexity.  In  some  birds  it  extends  over  the 
ribs  to,  or  even  above,  the  fore  part  of  the  ilium;  while  in  the 
Emeu  and  Apteryx  it  crosses  over  two  ribs  0Td\-.  In  tlie  Hum- 
ming-bird  {Trochilus),  fig.  19,  t,  its  posterior  third  is  bentdowiH 
ward  at  a  slight  angle.  In  birds  where  the  scapula  is  pneumatic, 
the  perforations  are  at  the  base  of  the  acromial  process* 

The  coracoid,  fig.  18,  ti,  figs.  16,  10,  20,  6S,  is  the  strongest  of 
the  bones  composing  the  scapular  arch :  its  expanded  extremity  is 
securely  lodged  below  in  the  transverse  groove  at  die  anterior 
part  of  the  sternum,  from  which  it  extends  upward,  outward,  and 
forward,  but  sometimes  ahnoat  verticallj,  to  the  ahoulder-joint, 
where  it  ia  articulated  usually  at  an  acute  angle  with  the  aoapuU 
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;  and  commonly  also  with  the  clavicle.  It  thus  forms  the  main  sup- 
port to  the  wiug,  and  point  of  resistance  to  the  humen  durinjr  the 
I  downward  stroke  of  the  aerial  oar.  The  humeral  end  of  the  bone 
f  is  commonly  bilureate;  the  outer  process  is  the  strongest,  and 
J  forms  the  lore  part  of  the  glenoid  cavity  (/,  fig.  19),  above  which 
it  rises,  to  a  greater  or  less  extent,  and  usually  atibrdii,  on  its 
inner  side,  an  articular  surface  for  the  clavicle:  the  inner  process 
is  short  and  compressed,  articulates  with  the  scapula,  and  is  also 
joined  by  ligament  to  the  end  of  the  chivicle.  The  coracoid  is 
perforated  at  the  hwse  of  the  inner  process.  The  coracoid  is  of 
;  great  breadth  in  the  Albatross,  fig.  13,  h,  b;  and  is  both  long 
and  strong  in  the  l^enguin,  fig.  19,  52,  It  is  pneumatic  in  Aves 
ficrrrp  and  in  Jiason-.f  ;  iu  some  Grallce  (Psophia)y  and  in  most 
longipennate  Palnupuds.  The  stcnml  e?ids  of  the  coracoids  join 
each  other  iu  7^achf/}f('tcs,  decussate  in  llLrons,  send  up  a  process 
above  tlie  mesial  end  in  Aptenodiffcfi  and  above  the  lateral  or 
outer  end  in  Tnrhi/pttes  :  the  outer  angle  of  the  sternal  cikI  is 
j)roduced  in  Rajitort's.  The  glenoid  cavity  resulting  from  tiie 
union  of  the  coracoid  and  scapula  is  not  equal  to  the  reception 
of  the  entire  head  of  the  humerus.  In  Raptores,  Scansores,  and 
Cantores,  an  ossicle  {Os  humero-scapulare)  lies  between  the 
scapula  and  humerus  at  the  upper  and  back  part  of  the  glenoid 
cavity.  In  Rasores,  GraUatores,  and  Natatores,  there  is,  in 
place  of  this  bone,  a  etroDg  elastic  ligament  or  fibro-cartilage 
extended  between  the  scapula  and  coracoid^  against  wbicb  that 
part  of  the  head  of  the  humerus  rest8>  which  is  not  in  contact 
with  the  glenoid  cavity. 

The  clavicles,  figs.  15>  16,  18,  19,  58,  are  the  most  variable 
elements  of  the  scapular  apparatus.  In  the  Ground  Parrots  of 
Australia  (Pezcphonu,  liliger)  they  are  rudimentary  or  wholly 
deficient ;  they  are  slender  styles  in  Columba  gakata ;  they  are  re- 
presented by  short  processes  in  tlie  Emeu,  Rhea,  and  Cassowary  ; 
they  do  not  come  in  contact  inferiorly  in  the  Ostrich,  although 
they  reach  the  sternum.  In  the  Toucans  they  are  separate,  and 
do  not  reach  the  stemunL  In  the  Hombills  and  Screech  Owl 
(iSSfrtr  Uluki)  they  are  united  at  their  inferior  eztremides  by  car- 
tilage. In  the  rest  of  the  class  they  are  anchylosed  together 
inferiorly,  and  so  constitute  one  bone,  the  furetium  or  *  meny- 
thought*  From  the  point  of  confluence  a  compressed  process  ex- 
tends downward  in  the  Diurnal  Raptores,  the  Canirasirai  Cantores, 
the  RoMoreM,  most  of  the  GraOaiores,  and  Naiaiorei,  in  which  a 
ligament  extends  from  its  extremity  to  the  ento-stenmm.  The 
prooeaa  itself  reaches  the  sternum,  and  is  anchylosed  therewith 
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in  tke  Pelicans^  Cormoranis,  Ghrebes,  PetrelB,  Frigate-bird,  and 
Tropio-bird ;  also  in  the  Gigantic  Crane>  and  Storka  in  general 
In  tiie  Humniing<-birdB9  where  the  sternum  is  so  disproportionatelj 
developed,  the  furculum  terminates  almost  opposite  the  oonmienoe- 
ment  ai  the  keel,  but  at  some  distance  before  it ;  it  is  of  equal 
length  with  the  ooracoid.  As  the  principal  use  of  this  ehistie 
bony  arch  is  to  o[)po8e  the  forces  which  tend  to  press  the  humeri 
toward  the  mesial  plane  during  the  downward  stroke  of  the  wing, 
and  restore  them  to  dieir  former  position^  the  piers  of  the  ardi 
are  stronger,  and  the  angle  of  their  union  is  more  open,  as  the 
powers  of  flight  are  enjoyed  in  greater  perfection :  of  this  adjust- 
ment the  Sw^,  GoatHsuckers,  and  Diurnal  Birds  of  Prey  afford 
the  best  examples.  In  the  Eagle  the  davicles  ore  arched  both 
forward  and  outward,  mudi  expanded  above^  with  an  articular 
surfiice  for  the  fore  part  of  the  outer  prong  of  the  coraooid.  The 
arch  becomes  narrower,  and  the  bone  itself  weaker,  as  flight 
is  feebler  or  less  sustained ;  in  the  Gallina  the  U-  is  changed 
to  the  V-shape ;  and  at  the  point  of  confluence  of  the  stnigbt 
and  slender  piers  a  process  is  continued,  usually  compressed, 
sometimes  styliform  (CVox),  becoming  almost  obsolete  in  Hemiir 
lioilius  \  in  the  Lapwincr  the  process  is  at  right  angles  to  the  arch. 
In  Tachfpein  the  u]»[)er  enids  of  the  clayudes  coalesce  with  the 
coracoids ;  and  the  lower  confluent  ends  expand  into  a  triangular 
plate  coalesced  with  the  sternal  ked.  In  the  crested  Pintado  the 
apex  of  the  furculum  is  dilated  and  hollowed  into  a  cup  opening 
forward  and  receiving  a  fold  of  the  windpipe.* 

In  Birds  the  humerus  has  a  smooth  diaft,  eub-elliptic  in  trans- 
Terse  section,  with  expanded  ends,  the  proximal '  one  being  the 
broadest.  Lengthwise  the  bone  is  gently  sigmoid,  the  proximal 
half  being  convex  palmad,  the  distal  half  concave,  with  the  plaoe 
of  the  terminal  expansions  vertical,  as  the  hone  extends  along  the 
side  <si  the  trunk  from  its  scapulo-coracoid  articulation  backward, 
in  its  position  of  rest 

The  head  of  the  humerus  is  an  elongate,  serai-oval  convexity 
with  the  long  axis  transverse  from  the  radial  to  tlie  ulnar  sides 
(vertical,  as  naturally  articulated),  and  with  ,the  ends  continued 

•  XLiv.  no.  1411,  p.  271. 

'  I  facr«  avail  myself  of  the  terms  iodicatirc  of  aspect  and  position  proposed  hj 
Dr.  Barclay,  in  his  *  Anatomical  Nomenclature.' 
Proximal  signifies  the  upper,  duial  the  lower,  end  of  the  bone»  as  it  hmgt  in  M«o{ 

ancoual  is  tlie  posterior,  palmar  the  atitcrior,  surface,  as  when  the  palm  of  the  haiul  ii 
directed  forward  ;  radial  is  thf  outer,  ulnar  is  the  inner,  side,  according  to  the  same 
position  of  the  human  arm  i\iiJ  hand.  Proximad^  palmad^  are  adverbial  indectioof, 
meaning  towerdt  the  pceisiiiial  (upper)  end,  and  towsrde  the  palmar  (anterior)  side. 
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into  the  upper  and  lower  crests.  Of  these,  the  upper  one,  in  the 
natural  pusiiiun  of  the  bone,  is  on  the  same  side  as  the  radius,  the 
lower  more  tuhcrous  one  is  on  the  same  side  as  the  ulna ;  the 
one  marks  the  *  radial' side,  the  other  the  *  ulnar'  side,  of  the 
bone.  The  side  of  the  humerus  next  the  trunk  answers  to  that 
called  'anconal,  the  (j] osite  side  to  that  called  '  palmar.*  The 
expanded,  proximal  j  at  t  of  the  shaft  on  the  palmar  side,  fig.  6, 
is  concave  aorofs ,  convex  Icnrrthwise :  on  the  anconal  side  it  is 
convex  across  to  where  the  ulnar  rid^e  l)emls  anconad  near  the 
pneumatic  orifice.  The  radial  crest  answers  to  the  *  greater 
t^llc^o^<ity  ,'  and  to  the  *  pectoral '  and  *  deltoid al  ridges*  in  mam- 
ni  il-  :  the  '  uln.-ir  '  crest  to  the  '  1<'s.ser  tuberosity  *  and  to  tlie  ridge 
lor  the  '  latissimus  dorsi,'  in  mammnl?.  Tn  a  tew  exceptions  the 
shaft  of  the  humerus  is  almost  cylinilrical  ;  in  still  fewer  {Apteno' 
thjtes)  it  is  flat;  in  the  Albatroas  it  becomes  triedral  towiml  the 
distal  end. 

In  tlie  Vulture  (  V,  monachus)  the  ulnar  crest  forms  a  thick 
tuberosity  at  its  proximal  end,  projecting  anconad,  and  over- 
arching the  *  pneumatic '  fonunen ;  it  descends  a  short  way  ob- 
liquely palmad,  decreasing  in  breadth,  but  still  thick,  convex,  and 
terminating  obtusely.  The  radial  crest  better  merits  the  name ; 
it  extends  twice  the  length  of  the  ulnar  one,  down  the  shaft,  to 
the  palmar  side,  towards  which  the  whole  crest  is  slightly  bent ; 
its  margin  describes  a  very  open  or  low,  obtuse,  angle  at  its 
middle  part.  A  ridge  upon  the  palmar  side  of  its  distal  half 
indicates  the  boundary  of  the  insertion  of  the  pectoralis  major 
into  the  crest.  At  the  middle  of  the  anconal  surface  of  the 
proximal  part  of  the  shall  there  is  a  low,  longitudinal  ridge.  The 
tuberosity  at  the  proximal  part  of  the  ridge  gives  insertion  to  the 
middle  pectoral. 

At  the  distal  part  of  the  humerus  a  ridge  on  the  radial  side  of 
the  palmar  surface,  and  a  rising  of  the  bone  on  the  ulnar  side  of 
the  same  surface,  diverge  to  the  opposite  angles  or  tuberonties 
of  the  expanded  end  of  the  bone ;  they  include  a  shallow,  sub' 
triangular  concavity  above  the  articular  surfaces.  These  are 
two,  and  are  convex.  The  radial  surfiMse  is  a  narrow,  sub* 
dongate  convexity,  extending  from  near  the  middle  of  the  palmar 
surface  oblii^uely  to  the  lower  part  of  the  radial  tuberosity,  where 
the  oonvexity  subsides ;  it  is  very  prominent  at  its  palmar  end, 
with  a  groove  on  each  side,  the  deeper  one  dividing  it  from  the 
ulnar  articular  convexity.  This  is  of  a  transversely  oval  or 
elliptical  shape,  most  prominent  palmad ;  all  the  part  of  the  end  of 
the  humerus  forming  the  two  articular  convexities  is  as  if  bent 
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toward  the  pabnar  aspect.  The  ulnar  end  of  the  nlnar  ocmvezitT 
IB  contanned  anconad  to  ihat  end  of  the  nlnar  tnberoaity,  An 
oblique,  longitudinal  channel  diTidea  the  anconal  end  of  the 
radial  tuberoNBity  from  an  almoat  loi^tndinal  ridge,  whid  v 
nearer  the  middle  of  the  anoonal  nde  of  the  distal  end  of  the 
humerus;  a  stmilar^  but  shorter,  loDgitudinal  lidge  or  risiiig  of 
hone,  terminates  in  the  anconal  part  of  the  ulnar  taberoi^itj. 
Between  the  aboye  almost  parallel  ridges  the  anoonal  surfaoe  u 
nearly  flat  transversely ;  it  is  traversed  along  the  middle  by  m  hnr, 
narrow,  longitudinal  ridge.    Lengthwise  the  bone  is  here  ooavez. 

The  differences  in  the  humerus  of  different  birds  are  aeea 
chiefly  in  the  forms  and  proportions  of  the  proximal  crests ;  thr 
radial  one  in  the  CohmbidcB,  e.  g.,  is  shorter  and  more  prodbeed  < 
than  in  most  birds  of  flight   The  humerus  in  the  Swift  is  vciy 
short  and  thick,  with  strong  pectoral  and  deltoid  procesBee,  and 
with  a  trochlear  groove  on  the  back  of  the  outer  condyle :  the 
proximal  processes  are  still  further  developed  in  the  hnmenis  of 
the  Humming-bird:  a  distinct  ulnar  sesamoid  plajs  ujKm  dbe 
anconal  trochlea  in  both.    The  pectoral  process  is  much  piodaecd 
and  is  angular  in  Tach^petes :  also  in  SHerna  where  it  is  deflected 
The  bone  maintains  its  general  ornithic  character  when  the  pro- 
cesses have  subsided,  with  the  abrogation  of  the  power  of  flight 
In  the  Apteryx  the  humerus  is  a  slender,  cylindrical,  styliform 
bone,  1  inch  5  lines  in  length;  slightly  expanded  at  the  two 
extrenuties,  most  so  at  the  proximal  end,  which  supports  a  trans- 
verse oval  articular  convexi^,  covered  with  smooth  cartilage,  and 
joined  by  a  syuovial  and  capsular  membrane  to  the  scapnlo- 
coracoid  articulation.   A  small  tuberosity  projects  beyond  each 
end  of  the  humeral  articular  surface.    The  distal  end  oS  the 
humerus  is  articulated  by  a  true  but  shallow  ginglymoid  joint 
with  the  rudimental  bones  of  the  antibrachium,  and  both  the 
external  and  internal  condyles  are  feebly  marked. 

The  humerus  is  not  always  develope<l  in  length  in  proportion 
to  the  powers  of  flight;  iur,  althougli  it  be  shortest  in  the 
Struthious  Birds  and  Penguins,  it  is  also  very  short  in  tlie  Swiijs 
and^  Humming-birds.  In  the  latter,  however,  it  is  characterised 
by  its  thickness  and  strength,  the  size  of  it«  muscular  proccssc*, 
and  the  consequent  transverse  extension  ol  it^^  extremities; ;  while 
in  the^  CurMores  it  is  as  attenuated  a«  it  ii*  short,  and  in  tiie 
Penguins  the  shaft  is  reduced  to  a  mere  lamina  of  iKme  re«<nn- 
bling  the  corresponding  part  in  the  paddle  of  the  turtlo.  In  the 
jRoMores  it  rarely  equals  half  length  of  the  trunk  (thorax  and 
pelvis);  it  equals  it  in  the  Argala  and  Pelican ;  exceeds  it  iu  the 
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1  Fripfate-lMrd  and  Albatross.  In  this  and  some  other  sea-birds, 
as  the  (julls,  A\vk?s,  and  Petrels,  the  humerus  presents  a  notable 

:  *  cetot  undyloid  '  j)rucess  on  the  radial  side,  near  its  distal  extremity. 
A  sesamoid  hone  is  found  attached  (like  the  faljella  of  iMar- 
j^iipials)  to  the  ea[)sular  ligament  and  the  teudjtns  of  the  extensor 
mnscles,  in  many  of  the  liuptoresy  in  the  Swifts  and  Hum- 
iniiig-birds;  it  is  double  in  the  GuiUemotd  and  renguius,  fig.  l^, 

Ily  71. 

There  is  a  (Itm  p  It  ].n  -i  n  beneath  the  tuberosity  at  the  ulnar 
side  of  the  jiroximal  expansion  of  the  humerus  in  the  Pencriiins, 
C)<tri<'h,  Awk^,  and  otlier  birds  which  have  no  air  in  that  hone; 
jiixi  i:  is  here  that  the  air-eells  are  continued  into  the  hone  in  the 
majority  of  the  rlass  which  have  the  humerus  pneumatic. 

A  section  of  the  hiiiiu  i  us  of  the  Pennrnin'  shows  it  to  be  solid  ; 
that  of  the  Awk  [Alca )  shows  a  small  medullary  cavity  with 
tlense  and  rather  thick  walls;  that  of  a  pneumatic  huinerus,  as  of 
the  Ar^rala,'  e.;j..  exposes  the  extreme  thinness  of  the  compaet 
ivall  of  a  vers  larjre  cavity,  and  the  loose  cancellous  laeework  at 
the  extremities  of  the  bone:  osseous  filaments  shoot  more  or  less 
obliquely  across  different  parts  of  the  cavity,  serving  to  strengthen, 
like  tic-beams,  the  thin  walls,  and  also,  heintj  hollow,  to  ronvev 
mi  mile  blood-vessels.  The  proximal  half  of  the  bone  is  divided 
lon«;itudinallv  l)V  a  loose  cancellous  p  iriition;  the  deeussation  or 
anastomoses  of  the  delicate  hollow  columns  give  an  open  reticulate 
structure  to  the  inner  suHace  of  the  air-cavity  at  the  two  ex- 
tremities of  the  bone^  which  is  highly  characteristio  of  the  long 
bones  of  birds. 

The  radius,  fig.  19,  />,  and  ulna,  ib.  o,  nre  present  in  all  birds, 
and  co-extended  between  the  joints  of  the  elbow  and  wrist.  The 
antibrachium,  so  formed,  is  short  where  flight  is  abrogated ;  it  is 
but  one-third  the  length  of  the  humerus,  e.g.,  in  the  Ostrich  :  it  is 
rather  shorter  in  Guillemots,  Divers  ( Colymbus),  and  Gannets 
( Sula) ;  is  about  equal  in  length  in  Gallinctf  PsophiAy  Canama ; 
but  exceeds  the  length  in  most  birds  of  flight.  However,  in  some 
of  the  best  flyers,  e.g.  the  Albatross  where  the  humerus  is  ex- 
tremely long,  and  in  the  Swifts  and  Humming-birds  where  it  is 
Tery  shorty  the  antibrochium  is  of  the  same  length  therewith. 
Its  two  bones  are  so  articulated  to  each  other  and  to  the  humerus 
lu)  to  be  restricted  to  flexion  and  extension :  scarcely  any  degree 
of  rotation  is  admitted,  and  this  adds  to  the  firmness  and  resistance 
required  for  the  action  of  flight   Owing  to  the  obliquity  of  the 

*  aUT%  p.       no.  1197«   S«e  «1«>,  no.  1379,  Ottricta.  *  lb.  no.  Uua. 
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humeral  tubercle  for  the  radius,  the  fore-arm  moves  in  a  plane 
not  quite  pcrpendicuhu  to  the  ])ulmar  surface  of  the  humerus. 
When  the  fore-arm  is  flexed  and  the  wing  is  foh]ed,  the  di-tal 
end  of  the  autibrachima  is  near  or  in  advance  of  the  proximal  cud 
of  the  humerus ;  the  radius  being  6u^>erior  and  tiic  ulna  a  little 
external  as  well  as  inferior. 

The  radius  is  always  the  more  slender  bone  of  the  two,  flome- 
timcs  in  a  remarkable  degree:  its  ])roximal  end  is  expandeLi, 
subelliptic,  with  a  conca\dty  for  the  oblique  tubcr(;Ie,  and  a 
thickened  convex  border  next  the  ulna  for  articulation  with  that 
bone  :  a  little  beyond  tliat  articular  expansion  is  the  tubercle  for 
the  insertion  of  the  biceps.  The  shaft  here  becomes  slender, 
usually  subcompressed,  "vvith  a  sliorht  bend,  convex  upward  irom 
the  ulna:  the  rest  of  the  fhaft,  ^sIlil_h  becomes  subtriedral,  ph  owing 
an  op|>osite  ilcxure  toward  the  ulna,  th(ni';li  very  slightly  marked. 
TIic  distal  end  is  rather  more,  though  less  equally,  expanded, 
from  the  radial  to  the  ulnar  side:  rather  flattened  witli  one  or  two 
tendinal  grooves  on  the  anconal  side,  with  a  terminal  ti  an -verse 
convexity  for  the  scaphoid,  produced  palmad  to  articulate  with  the 
\diia  ;  with  a  iuherosity  {A  fjui  J  a)  or  ridge  (Tachypetes)  on  the 
radial  side  of  the  expansion.  The  orifice  of  the  medullary  artery 
in  the  non-pncmnatlc  radius  is  on  the  ulnar  side  of  the  shaft  about 
one-fourth  from  the  })roximal  end. 

The  rilna  is  straight  or  vnXh  a  single  and  slight  curve,  more 
marked  in  the  shorter  antibrachium  of  Gallinw  than  in  the  long 
one  of  lung-mnged  waders  and  swimiiK  r>.  The  jtroximal  end  is 
most  expanded,  and  is  olili<^uely  truncate  for  the  articular  exca- 
vation adapted  to  the  ulnar  tubei-  lo  of  the  humrrus:  the  obtuse 
angular  production  of  the  ulna,  belund  or  anconad  oi  the  cavity, 
represents  in  different  degrees  in  different  V)irds  the  olecranon, 
but  is  always  short :  an  extension  of  the  bmie  radiad  is  obliquely 
excavated  for  the  head  of  the  radius.  The  shaft  of  the  ulna 
gradually  decreases  to  near  the  distal  end,  where  the  subtriedral 
is  exchanged  for  the  subcylindric  shape.  A  ridge  is  developed 
below  the  head  on  the  ulnar  side  in  Bapfores.  Tn  birds  (  Tac/n/- 
petcsy  e.g.)  in  wliich  the  ulna  is  pneumatic,  the  tbi  anu  n  is  on  the 
palmar  surface  a  little  below  the  head.  On  the  ulnar  and  anconal 
sides  of  the  shaft  are  the  two  rows  of  quill-knobs  (in  Uaptnres) 
for  the  *  secondaries : '  the  anconal  row  is  most  marked  in  lonffi- 
pennate  Natatores  ;  and  is  the  only  row  in  many  birds.  But 
this  character  of  the  bird's  tdna  is  wanting  in  the  flightless  and 
some  otiier  birds.  The  distal  end  of  the  ulna  slightly  expands 
into  a  trochlear  joint  very  convex  irom  the  radial  to  the 
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ulnar  eide,  rather  concave  from  the  anconal  to  the  palmar  side, 
and  this  chiefly  at  ^the  ulnar  part  of  the  trochlea.  On  the 
radial  side  of  this  trochlea,  supported  hy  a  tuberosity,  is  1h.e  small 
Burfiice  for  the  radius.  The  interosseous  space,  owing  to  the 
greater  bend  of  the  ulna,  is  widest  in  (xaUinm ;  it  is  narrower  and 
chiefly  seen  at  the  proximal  half  of  the  antibrachiom  in  most 
other  birds.  The  ulnar  trochlea  articulates  with  ihe  two  iree 
carpal  bones,  one — ^the  *  scapho-lunar ' — being  wedged  into  the 
ra£al  part,  the  other — *  cuneiforme ' — ^into  the  ulnar  part,  leaving 
a  small  intermediate  tract  for  the  'magnum'  which  is  confluent 
with  the  base  of  the  ndd-metacarpaL 

In  the  young  Ostrich  the  metaearpuM  consists  of  three  bones. 
The  one  on  the  radial  side  answers  to  that  of  the  index-finger ;  it 
is  very  short,  and  supports  a  digit  of  two  phalanges,  the  second 
phalanx  being  armed  with  a  long  curved  and  pointed  daw.  The 
second  metacarpal  is  the  longest  and  largest,  its  base  being  in^ 
creased  by  the  confluence  therewith  of  the  ^magnum,'  which 
presents  a  trochlear  surface  to  the  two  proximal  carpak  and  to 
the  part  of  the  ulnar  joint  not  occupied  by  them.  The  third 
metacarpal,  answering  to  that  of  the  ^gitus  annularis,  is  bent,  its 
extremity  resting  against  that  of  the  large  and  straight  middle 
metacarpal,  with  which  it  subsequently  becomes  anchylosed. 
The  middle  digit  consists  of  three  pbaUuiges ;  the  outer  one  of 
two  phalanges.  In  all  birds  the  three  metacarpals,  here  seen  to  be 
distinct,  coalesce  with  one  another  and  form  a  single  bone,  having 
an  interesting  analogy  to  the  metatarsus,  i^iich  likewise  consists 
in  all  birds  of  a  coalescence  of  the  three  bones  supporting  the 
corresponding  toes,  namely,  those  answering  to  the  second,  third, 
and  fourth  in  the  pentadactyle  foot. 

The  bones  of  the  hand  are  developed  in  length,  but  contracted 
in  breadth.  The  wedge-like  adjustment  of  ^e  free  carpels  is 
such  as  to  restrict  the  movements  of  the  hand  upon  the  arm  to 
abduction  and  adduction,  or  flexion  in  the  ulno-radial  plane, 
requisite  for  the  outspreading  and  folding  up  of  the  wing.  The 
hand  of  the  bird  moves  thus  in  a  state  of  pronation,  without  the 
power  of  rotation  or  of  proper  flexion  or  extension,  i.e.  in  the 
ancono-palmar  direction ;  so  that  the  wing  strikes  firmly  and  with 
die  full  force  of  the  depressor  muscles  upon  the  air. 

The  following  state  of  anchylosis  commonly  exists  in  the  meta- 
carpus : — The  short  *  index '  metacarpal  coalesces  with  the  base  of 
the*medius':  the  slender  *  annularis '  metacarpal  anchyloses  by 
its  two  ends  with  those  of  the  medius  which  it  equals  in  length. 
The  '  index  '  supports  one  phalanx,  usually  t^nniuating  in  a  point 


Digitized  by  Gopgle 


74 


ANATOHT  OF  YERTBBRATBS. 


about  the  middle  of  the '  medius  *  metacarpal.  This  rapports  two 
pludangeB,  fig.  19,s,9i  the  proximal  one  singularly  expanded  bj 
a  lamelliform  growth  from  its  whole  ulnar  side,  excavated  out- 
wardly for  the  attachment  of  primaries:  the  next  phalanx  m 
smaller  and  ends  in  a  point.  The  *  annularis '  metacarpal  aupporti 
a  short  and  slender  2>ointed  phalanx,  which  in  the  Frigate-bird  is 
closely  joined,  lengthwise,  to  the  contiguous  expanded  pfaaUuix 
of  the  mid-^git. 

The  hand*s^ment  is  the  longest  of  those  of  the  pectCKral  limh 
in  Swifts  and  HummiDg-birds :  exceeding  by  three  timee  the 
length  of  the  humerus :  and  the  bones  haye  a  proportionate  thsdE- 
ness.  The  mid-metacarpal  shows  a  series  of  laige  impreasioiis 
for  the  distal  'primaries*  in  Jtaptores,  and  also  a  iongitodinal 
tendinal  groove  on  the  anconal  side.  The  metacarpal,  fig.  19^ 
and  phalangeal,  ib.  *,  t,  bones,  in  the  Penguin  are  flattened,  like 
the  antibrachiai  bones. 

The  index  digit  in  Siruthio  and  the  medius  digit  in  Apteryx^ 
support  each  their  claw.  The  claw  or  spur,  when  present 
in  other  birds,  e.g.  Syrian  Blackbird  {Merula  dactyloptera). 
Spur-winged  Goose  {Amer  Gambensis),  Knob-winged  Dove  (i>^ 
duneuhu),  Jacana  {Parra  Jacana),  Mound-bird  {Megapodims), 
Screamer  (Palamedea),  is  developed  from  the  radiid  aide  of 
the  metacarpus  or  firom  the  index  digit  The  Screamer  has  two 
spurs,  the  homotypes  of  the  metatarsal  ones  in  Pavo  biea!earatm$. 
The  claw  upon  the  index  digit  of  Areheopteryx  was  curved  and 
sharp ;  and  the  remains  of  the  unique  example  of  thia  ancient 
fossil  bird  make  it  probable  that  the  hand  had  a  second  fiec 
unguiculate  digit,  perhaps  the  homologue  of  the  poUex.^ 

Although  the  instances  of  these  weapons  and  llie  occasional  use 
of  the  wings  in  Birds  not  so  armed^  e.  g.  the  Swan,  show  them  in 
the  light  6[  means  of  attack,  the  bones  of  the  pectoral  limb  in 
Birds  are  modified  mainly  for  volant  action ;  the  articulations 
restrict  the  movements  of  the  seycral  segments  to  the  service  of 
wings,  and  the  processes  for  muscular  attachments  relate  to  such 
development  and  disposition  of  the  moving  forces  as  flight  requires. 

The  larger  feathers  which  overlie,  in  a  series,  the  humerus,  are 
termed,  in  ornithology,  *  scapularics : '  those  still  l:u*gcr  which 
overlie  or  are  attached  to  the  ulna  arc  the  '  secondaries  '  or  *  wing- 
coverts  ; '  those  which  are  attached  to  the  manus  are  the  'pri- 
maries,' they  are  the  longest :  a  group  of*  leathers  attaelied  to  tiie 
stunted  index  digit  aic  the  '  spurious '  or  '  bastard '  feuLlicra, 

»  XV.  p.  39,  pi.  2,  fig.  1. 
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The  primary  quill-feathers  heing;  the  chief  dhcct  mechanical 
instrument  in  the  displaromeiit  of  tlie  air,  the  segment  of  the 
liuib  supporting  them  is  the  lonirt'-'^t  and  strongest  iu  the  most 
powerful  flyers,  e.g.  Swifts  and  iiiuumers,  iu  which  the  pri- 
maries arc  pi  <»j>(>rtionidly  longer  and  stronger  than  in  other  birds ; 
but  the  various  lialiits,  hul)itats,  and  food  of  the  feathered  trll)es 
are  associated  with  different  kinds  of  aerial  motion  and  call  lor 
correspoudiug  modifications  of  the  instrument :  thus  the  Frigate 
and  Tropic  birds,  All>atro8ses,  Terns,  and  other  ablest  flyers 
among  the  Natatores,  contrast  strangely  with  the  above-cited 
l''ollforf's  in  the  proportionate  length  of  the  l^rachial  and  anti- 
hrachial  segments  of  the  pectoral  limb:  whilst  the  powei-ful 
Raptorial  flyers  show  an  intermediate  more  harmoniously  ba- 
lanced pro] tort i*)n  of  the  .several  segments.  All  these  are  rela- 
tively short  and  feeble  in  the  hea%ner  land  birds  whicii  take  l)iit 
brief  and  occasional  flights ;  and,  as  circumstances  have  rendered 
this  exertion  less  and  less  necessary,  bo  the  wings  and  their  frame- 
^\rrk  have  wast^l  away  to  the  diminutive  rudiments  in  the 
AjJtert/x,  and  to  zero  iu  Dinornis, 

§  130.  Bones  of  the  pelvic  limb. — The  segments  of  this  limb 
do  not  wholly  corresjjond  with  thoj-e  of  the  pectoral  one,  the 
tsii  being  absent  or  blended  with  the  tibia  or  the  metatarsuBi 
wiiich  inmicdiately  succeeds  it. 

The  femur,  fig.  34,  fis,  has  a  cyliudrical  shaft,  which,  when  not 
straight,  is  shghtly  bent  forward :  it  nearly  equals  the  pchis  in 
length  in  the  Aptt  ri/x  and  some  Ground-cuckoos  ( Gfomrri/x), 
but  is  usually  shorter;  it  is  very  short  in  Dinornis  elejiiiantopus  \ 
shortest  of  all  and  most  bent  in  ( \>h/ mints  :  it  i**  always  shorter  than 
the  tibia,  but  in  a  minor  dr Lcree  in  mo.^t  Rrrsorff:,  SraniioreSf  Voli- 
inrt'<i,Ca ntores,  some  Natntoi-cs  (  7^achj/pcU.^ ),  and  the  Aptt  ryx.  The 
head  is  liemisj)herical,  proj)ortioually  small,  and  largely  scooped 
out  above  for  the  round  ligament  which  fills  up  the  vacuity  in  the 
acetabular  wall :  it  is  sessile,  with  its  axis  nearly  at  riirht  antrles 
to  that  of  the  shaft  :  the  ariirular  surface  is  continued  upon  the 
upper  end  <<f  the  bone  which  expands  as  it  recedes  from  the  head, 
and  usually  rises  above  its  level  to  fi  rm  a  trochantcrian  ridge 
extending  from  l»ehind  forward  an  l  there  produced  and  continued 
a  short  way  down  the  shaft.  ^J'he  ouLrr  ffilnilar)  side  coextensive 
with  tiiis  ridge  is  rather  flattened  and  impressed  by  insertion- 
marks  of  muscles.  Karely  is  there,  as  in  AptorniSy  a  trochanter 
minor,  situated  a  little  below  the  head  on  the  inner  (tibial) 
side  of  tlic  bone,  or  represented  by  a  round  rough  surface,  more 
anterior,  as  in  Dinornis,    Assnming  its  cylindrical  or  subcylin* 
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drical  form  below  the  great  trochanterian  ridge,  tlie  shaft  at  itB 
lower  half  expands  transyersely,  and,  in  forming  the  distal  C(m- 
dyles,  also  from  before  backwards,  with  a  bend  in  that  directioiu 
The  inner  condyle  begins  anteriorly  as  a  ridge,  expanding  into 
a  convexity  which  attains  its  greatest  breadth  poeteriorly,  where 
it  becomes  more  flattened.  The  outer  condyle,  commencing  in 
the  same  manner,  is  indented  at  its  broad  lower  end  by  an  angular 
groove,  wliich,  widening,  divides  the  back  part  of  the  condyle  into 
two  convexities.  The  inner  of  these  is  the  broadest  and  most  pro- 
duced, is  applied  to  the  outer  facet  of  the  tibia,  and  represents 
the  onlinary  outer  condyle  :  the  more  external  convex  ridge  and 
the  f^roove  di\iding  it  Irom  the  outer  condyle  are  adapted  to  the 
hejid  of  the  fibula.  This  is  the  most  characteristic  part  of  the 
bird's  femur.  The  space  between  the  anterior  beginnings  of  the 
condyles  is  the  '  rotular*  channel :  it  is  usually  broad  and  mode- 
rately  concaye  transversely,  convex  lenpfthwisc  ;  sometimes  divided 
from,  commonlv  continued  into,  the  intercondvloid  fossa  which  is 
marked  with  ]nt3  for  ligamentous  attachment  The  inner  side  of 
the  inner  condyle  is  flattened,  with  a  tuberosity  at  its  mid-part, 
and  sometimes  a  second  just  above  the  hind  part  of  the  condyle. 
There  is  ususiUy  a  tuberosity  above  the  hind  end  of  the  fibular 
ridge,  exterior  to  which  the  surl'acc  is  sometimes  flattened,  some- 
times prominent,  in  Dinornis  impressed  by  a  deep  fossa.*  At  the 
lower  part  of  the  outer  condyle  before  the  *  fibular'  groove  begins, 
there  is  usually  a  small  pit.  The  popliteal  depression  is  di\ided 
by  a  ridge  from  tlie  intercondvloid  one.  The  shaft  shows  inter- 
muscular linear  ridges:  in  Aquda  one  extends  from  the  fore  and 
outer  angle  of  the  ei>itrochanterian  articular  surface  to  near  the 
beginning  of  the  inner  condyle  ;  a  second  extends  from  the  inner 
and  back  part  of  the  U|)})er  third  of  the  shaft  to  the  tul>ercle  above 
the  back  part  of  the  inner  condyle  :  the  third  sliorter  '  lincaaspera' 
is  at  the  Ijack  part  of  the  middle  third  of  the  shaft  near  its  outer 
side.  In  Dinonik  a  ridge  continued  from  tlie  anterior  trochan- 
terian one  bifurcates  at  the  middle  oi  the  fore  part  of  the  i^liJilt 
diverging  to  the  beginnings  of  the  two  condyles.  In  Ajderyx  the 
two  posterior  linea;  asperae  approximate  at  the  middle  of  the  shaft 
and  then  diverj^e  to  the  condyles:  in  Dinar ni.^  they  expand  into 
tuberosities,  or  the  inner  one  alone  is  continued  as  a  ridge,  but 
interrupted  above  the  condyle  :  the  inner  ridge  is  stron  jilv  marked 
and  continued  to  the  condyle  in  Aptornis»  The  orihce  of  the 
medullary  artery  is  at  the  back  part  of  the  shaft  above  its  middle. 

'  In  Dinontia  mtutimua  the  femur  la  16  inches  in  length,  and  6|  inches  acnMstho 
distal  end. 
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When  the  femur  is  piu  umatic  the  proximal  orifice  is  couiiuonly 
anterior,  near  the  trochuiiterian  ridge :  but  in  the  Ostrich  it  is 
behind :  the  distal  (jrificc3  when  present  arc  in  the  popliteal  fossa. 
Of  the  two  condyles  the  outer  one  is  most  prominent  posteriorly, 
and,  when  the  femur  is  held  vertically,  descends  the  lowest.  In 
the  flexion  of  the  leg  on  the  thigh  this  puts  the  ligaments  on  the 
Btretch  ;  and,  as  they  are  partly  elastic,  the  fibula  enters  its  fossa 
at  the  coucluf^ion  of  the  bend  witli  somewhat  of  a  jerk. 

The  tibui^  fig,  34, 66,  is  the  chief  or  longest  bone  of  the  hind  limb, 
Bhowing  its  extreme  character  in  this  respect  in  most  Stilt-I»ir(]s, 
especially  tlic  Ar<^ala  and  Flamingo,  fig.  14,  and  its  smallest  propor- 
•tion<5  in  Volitorvs^  lig.  IH,  and  the  Frigate-bird,  in  w  hii  li  the  tibia  is 
not  half  the  length  of  the  skull.  The  shaft  is  straiglit  and  mainly 
subtriedral,  expanded  at  both  ends  and  most  so  at  the  upper  one. 
This  presents  a  semi-oval  surface  not  quite  transverse  to  the 
shaft,  but  with  the  truncate  margin  raised  toward  the  fore  part  of 
the  bone,  and  more  or  less  developed  above  the  level  of  the  un- 
dulating articular  juirt.  Of  this  the  least  marked  is  the  almost 
flat  renifnrm  '  entncondylar '  surface  for  the  inner  condyle,  feebly 
hollo\ve<l  near  its  back  part  which  projects  in  that  direction  over 
the  shaft ;  it  is  divided  from  the  smaller  and  less  defined  *  ecto- 
condylar'  surface  for  the  outer  lemoral  condyle  by  an  'inter- 
condylar' convexity.  In  advance  of  these  the  head  of  the  tibia 
extends  into  a  'rutular'  process,  usually  extended  transversely 
and  truncate.  From  the  fore  or  outer  part  of  this  process  there 
descend  two  vertical  rid^^es  or  plates:  the  one  from  near  the  inner 
or  til»ial  an^^de  of  tlie  mtular  process  is  the  '  procnenual  ridge," 
the  other  from  tbf  ruihji  or  fibular  angle  is  tlic  '  ectocnemial 
ridge; 'they  subside  more  or  less  «^radually  upon  the  shaft,  and 
intercept  a  deo]»  trian«rular  concavity.  On  the  outer  side  of  the 
intercondylar  tuberosity  is  a  sinjzle  surface  for  ligamentous  union 
with  the  head  of  the  fibula,  and  a  little  way  below  tins  there  is  a 
vertical  ridge  for  close  attachment  to  part  of  the  shaft  of  that  bone  : 
bciow  and  behind  the  *  fibular '  ridge  is  the  orifice  ol'  the  medul- 
lary artery.  From  this  point  the  til)ia  maintains  a  uiuform  size 
UFiiallv  tvi  its  lower  third,  where  along  a  rough  tract,  in  a  lino 
with  the  above  ridge,  the  styliform  end  of  the  til)ula  terminates 
by  close  union  or  anchylosis.  There  the  tibia  begins  to  gain 
in  transverse  breadth,  exchanging  the  triedral  for  a  transversely 
oval  section,  and  it  gradually  expands  in  both  directions  to  the 
distal  condyles,  which  are  most  develojied  from  behind  forward, 
in  advance  of  the  shaft.  The  inner  condyle  is  the  largest,  usually 
in  fore-And-Ai'ty  «gmoUmefi  (Aquila)  in  tranflverse,  extent*  A 
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groove  commenciiig  near  the  lower  end  of  the  foie  part  of  the 
shaft  leada,  deepening,  toward  the  interoondyloid  space:  it  is 
bridged  over  by  a  atrong  ligament,  which  becomes  ossified  in 
most  bixds:  Parrots,  HombiUs,  and  existing  Cunoret  are  ex* 
ceptions.  The  position — median  or  submedian  and  directbn — 
straight  or  obliqufr— of  the  preoondjlar  groove,  the  presence  and 
direction— teansrerse  or  oblique — of  its  bony  bridge,  the  re- 
lative breadths,  anteroposterior  and  transTerae,  of  the  distal  end, 
the  relative  size  of  the  intercondyloid  space  to  ihe  anterior  parts 
of  condyles, — help  in  the  determination  of  bird-affinitieB,  when 
they  have  to  be  deduced  from  a  fossil  tibia.*  The  distal  condyles 
commencing  behind  as  ridges  bounding  an  articular  surface  con^ 
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rave  acrof?s,  increase  in  breadth  and  convexity  as  they  curve  to 
their  anterior  ends  :  tlieae  are  more  prominent  than  their  posterior 
ridged  l)cgiinimir8,  but  in  different  degrees  in  diU'ereni  Itirds; 
and  the  inner  condyle  is  usually  the  most  prominent  anteriorly ; 

'  Sec  p.  204,  pi.  3,  for  the  illustration  atitl  npplicatioii  of  tlic  chsrnrtcrs  of 

tUu  iiUiix  in  ihc  Utileriuiuatiou  of  lb«  affiuiuvs  of  bucb  indicated  hy  ihax  bouu  ios&iL 
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tliiis  the  distal  end  of  the  tibia  is  like  that  of  the  femur  with 
the  l)aek  of  the  conUyleij  turned  forward,  and  without  the  uotch 
in  either. 

.Vuiuurr  the  iiKMllfications  of  the  |)roxim[d  end  of  the  tihla  may 
be  iiotetl  tlie  production  of  the  nKuhu  process  in  the  axis  of  the 
shaft  two  inches  above  tlie  knee-joint  in  tlie  Divers  {Coli/mbus), 
fig.  34,  /( ;  hulk  pro-  and  ecto-cnemiai  ridges  descend  irom  the 
lore  part  of  the  base  of  tliis  process,  the  former  extending  half- 
way down  the  shai't  of  the  tibiiu  In  the  Albatross  the  pro-  and 
ecto-cneniial  ridges  are  much  developed  ;  but  are  still  more  so  in 
the  extinct  Cncinioniis,  without  corresjH>udiug  production  of  the 
rotular  or  '  cpicnemlal '  process.  In  the  Ostrich  this  process 
extends  forward,  without  rising  above  the  level  of  tlie  proximal 
surface,  and  contracting  to  its  termination  there  divides  into  small 
pro-  and  ecto-cnemial  processes;  the  latter  the  shortest  and 
tuberous.  The  distal  condyles  are  less  jiroduced  anteriorly,  com- 
mence more  abruptly  and  are  more  produced  posteriorly,  than  in 
other  Ijirds:  their  articular  surfaces  are  so  continuous  as  to  leave 
no  *  iniercondylar '  space;  there  is  no  tendinal  groove  or  l)ridge: 
but  a  tuberosity  above  the  middle  of  the  confluent  condyles'. 
The  articular  surface  of  these  being  concave  in  one  diiection, 
convex  in  the  other,  forms  a  *  trochlea,'  and  the  same  in  the  con- 
joined ])arts  of  the  distal  condyles  in  other  birds.  It  limits  the 
movements  of  the  next  segment  of  the  limb  to  one  plane. 

The  fihuld,  fig.  34,  67.  is  a  styliform  buue  ending  in  a  j>oint  below 
at  various  dislauccc  down  the  tibia  in  different  birds.  The  articular 
head  is  snhcomprcs!«cd,  convex  in  the  longer  axis,  slightly  curved 
backward,  hollowed  on  the  inner  (tibial)  side:  rather  convex 
externally  :  tlie  shaft  shows  tlie  rough  linear  tract  for  attachment 
to  the  tibia :  and  there  are  sometimes  tuberosities  for  tendinal 
insertion.s  on  the  op|»ositc  side. 

The  feuuir  w  ossified  from  one  centre:  the  tibia  has  an  epiphysis 
for  the  di-^tal  con<lyles  ;  the  proximal  end  oi  the  metatarsus  is 
ossilicd  liuui  t»ne  centre,  forming  an  epiphysis  which  caps  the  ends 
of  the  three  metatarsals  that  coalesce,  first  with  each  other,  then 
with  the  epiphysis,  to  form  the  single  compound  bone. 

The  trochlear  epiphysis  of  the  tibia  most  resembles  the  astra- 
galus in  those  mammals  (Ruminants,  e.g.)  in  which  the  mcta- 
tnrsils  coales«-e.  The  term  '  tar::o-metatarse '  appli<'d  l)y  some 
ornithotomi^ts  to  the  present  segment ,  fig.  34,  os,  unpiies  the  tarsal 
homology  of  the  epiphvsis  :  tlie  same  might,  more  probably,  bo 
predicable  of  tlie  distal  one  of  the  tibia;  but  neither  being  demon- 
0ti«tedx  I  )>rci'or  to  call  the  present  segment  the  '  metatarsc'  it 
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consists  of  the  foot-honcs  of  three  digits  coalesced,  and  often  of  a 
fourth  liijiniL'iitriiisly  joined  thereto.  This  always  gmall  and 
.<hort  sccmiuj^  a|)[)en(lapfe  is  the  distal  en*l  of  the  metatarsal  of  the 
*  hallux  '  or  innermost  digit  of  the  ])entadactyle  foot.  The  tlirec 
coalesced  hones  are  the  metatarsals  of  the  second  (ii),  third  (ili).  and 
fourth  (iv  )  tnp^,  fic^^.  34.  In  their  original  position  the  proximal  emi 
of  the  third  metatarsal  is  behind  those  of  the  second  and  fourth 
whicli  meet  in  front  of  it*  A  fossa  below  the  meeting  shows, 
afterwards,  two  iore-and-aft  canals  which  diverge  to  outlets  at 
the  back  part  indicative  of  the  breadth  there  of  the  middle  meta- 
tarsal. WhcTi,  as  in  Aquila,  there  are  two  foramina  in  front  of, 
aa  well  as  two  behind,  the  u])per  j^art  of  the  mctatarse,  the  inter- 
space of  the  former  shows  the  extent  to  which  tlie  mid-metatar>al 
intervened  between  the  others  anteriorly,  and  this  structure  is 
concomitant  with  a  great  excess  of  the  transverse  over  the  fore- 
and-aft  diameter  of  the  proximal  end  of  the  metatarse.  In  most 
birds  a  fore-and-aft  canal  also  remains  to  indicate  the  primitive 
distinction  of  the  outer  (iv)  from  the  middle  (iii)  metatarsal  near 
their  distal  ends. 

The  mctatarse,  fig.  34,  68,  presents  a  proximal  end  with  two 
articular  cavities  (*  ento-*  and  *  ecto-condylar ')  and  the  intercon- 
dylar space,  a  shaft  with  its  processes,  grooves,  and  perforation?, 
and  a  distal  end  divided  (save  in  Struthio)  into  three  trochlear  con- 
dyles for  the  three  principal  (ii,  iii,  iv)  toes:  in  most  birds,  also, 
there  is  a  rough  depression  on  the  distal  half  of  the  inner  meta- 
tarsal, for  that  end  of  the  innermost  or  first  (i)  metatarsal  The 
proximal  end  varies  in  the  proportions  of  its  transverse  and  antero- 
posterior diameters,  in  the  depth  of  its  articular  surfaces,  and 
configuration  of  the  intercondylar  surface.  As  a  rule  the  ento- 
condylar  surface  is  largest  and  deepest;  ibe  ectocondylar  surface 
is  nearly  flat  in  tlie  Eagle.  A  tuberosity  rises  from  the  fore  part 
of  the  intercondylar  space  in  birds  which  sleep  standing  on  one 
leg  {Grall(B  and  some  others):  it  passes  into  the  correspondmg 
space  of  the  tibia,  the  bar  anterior  to  which  affords  so  much 
resistance  to  flexion  of  the  leg  as  counteracts  the  effect  of  oscilla- 
tions of  the  body :  it  requires  a  muscular  effort  to  bring  the 
tuberosity  over  that  bar,  and  the  elastic  lateral  ligaments  are 
then  put  on  the  stretch ;  but  as  soon  as  the  bar  is  passed  the 
tuberosity  slips  into  the  depression  above  with  a  snap  or  jerk. 
One  or  more  longitudinal  ridges  at  the  back  of  the  upper  end 
of  the  metatarsal  are  called  ^xalcaneal ;  *  they  intercept  or  bound 
tendinal  grooves  which,  in  some  instances,  are  brid^ped  over  by 
bone  and  converted  into  canals :  the  ridges  may  be  expanded  sod 
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flattened.'  In  the  Birds  of  Prey  the  metatarsal  is  most  mo(lifi>"<l 
by  tlie  muscles  and  tendons  operatiu*^  upon  tlic  raptorial  tues. 
There  arc  tinee  calcaneal  processes,  the  innermost  lar^e,  the 
two  outer  ones  siiuiU  and  approximate.  The  fore  part  siiows 
a  tuherosity  for  tlic  insertion  of  the  atrong  'tibialis  anticus' 
(fig.  ' >  ^s):  below  this  is  the  process  on  the  inner  margin 
extending  the  surface  of  attachment  tor  the  metatarsal  of  the 
back  toe  (i).  The  trochlear  ends  of  tlie  three  confluent  meta- 
tarsals arc  nearly  on  the  same  level,  the  inner  one  h  the 
broadest,  the  outer  one  tlie  narrowest :  cacli  is  ]>ro(hieed.  at  an 
opposite  angle,  so  as  to  bound  tlic  wide  concavity  behind  thia 
end  of  the  metatarsal.  In  the  King- Vulture  { S(trrnrrf/7ij)/u(s), 
the  niid-trofhlea  is  broadest  and  most  produced:  in  the  Snake- 
Vuiiure  (  fit/po^eranus)  "^vith  a  metatarsal  of  Rtilt-like  length,  the 
inner  troclilea  is  shorter  than  the  others  and  further  ai)art.  In 
inost  Owls  the  meUitarsal  is  shorter  in  j)roportion  to  its  breadth 
than  in  diurnal  Raptorts;  a  bony  bridge  over^^pans  the  beginning 
of  the  tendinal  canal  on  the  fore  part :  the  outer  trochlea  is  the 
shortest  and  is  bent  backward  and  inward.  In  most  (\ni fores 
and  VoHtnrrs  the  distal  end  of  the  metatarsal  is  little  expanded, 
and  the  three  troehleie  are  of  nearly  equal  length:  in  Podanjus 
and  Dacelo  the  outer  tr<jehlca  is  the  shortest.  In  Ct/pselus  the 
trochleae  terminate  on  the  same  transverae  line:  in  Trochilus  the 
middle  one  is  ;i  little  more  prominent.  In  the  short  and  strong 
metatarsal  of  the  Parrot-tribe,  the  middle  trochlea  extends  wholly 
below  th*'  others,  which  are  oblique  and  twisted,  especially  the 
outer  o7ie,  i)aekward  and  inward  :  a  like  twist  is  noticeable  in 
moht  Scamoresy  especially  the  Woodpeekers  and  Cuekoo!?.  In 
the  Hpnrrrd  GaUina'  the  weapon  is  snp})orted  on  a  eonieal  ]irocesa 
from  the  hack  part  of  the  metatarsal ;  sometimes  there  are  two, 
as  in  Pavu  Incakarutus,  In  all  Raanrrs  the  mid-trochlea  is 
longest;  in  Pigeons  and  Cum-^sows  the  outer  (//A  i<  shorter  or 
higher  tlian  the  inner  trochlea :  in  the  Tinamon  ami  Syi  i-liaptes 
it  is  longer.  In  the  Afiteryx  and  tridaetyle  ('urain-rs  the  mid- 
trocblca  is  largest,  and  extends  by  almost  itu  whole  length  beyond 
th<«  •ither  two  which  are  nearly  on  a  level.  In  Strntino  the  inner 
metatarsal  (iV)  terminates  in  a  ]i(»int  near  the  base  of  the  gieat 
trochlea  ( I <V) :  the  outer  trochlea  (/r)  is  comparatively  small  aiul 
Efhurt,  In  (rrfiflntorcs  the  mid-t rochlca  is  longest,  the  nt!i!  r  two 
of  equal  or  nearly  equal  length  in  most:  the  inner  {ii)  trochlea  is 
the  shorter  io  the  Demoiselle  Crane  {Hcopt  Virgo)  ^  the  outer  one 

'  xvr.  vol.  Ui.  part  iv.  (184C),  pp.  3ai,  322;  xuv,  p.  274,  fte. 
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(ii?)  in  the  Woodcock  {Seolopai:).  In  the  Spoonbill  {Flatalcea) 
and  Flamiugo  {rhanieop^rut)  the  mid^troohlea  is  but  little  pro- 
duced beyond  the  others.  The  surface  for  the  attachment  of  the 
innermoat  metatanal  (i)  is  raised  well  above  the  trochlear  end  of 
the  next  (zt)  in  most  of  those  Waders  that  have  the  back-toe. 
Amongst  Naiatores  the  Albateoss  has  the  three  trochleae  nearly 
on  the  same  level :  in  others  the  mid  one  is  usuallj  most  pro- 
duced: in  the  Gamiet  and  PeHcan  the  outer  trochlea  is  the 
ehortest  and  furthest  from  the  middle  one.  In  the  Guillemot 
( Uria)  the  inner  trochlea  (ii)  ends  at  the  base  of  the  mid  one, 
whilst  the  outer  trochlea  is  of  nearly  equal  length  with  the  mid 
one :  in  the  Grebe  {Podtceps)  the  inner  trochlea  is  the  longest  of 
the  three:  in  the  Loon  {Cofymbus)  it  is  the  shortest:  the  meta- 
tarsal in  this  bird  b  much  compressed,  and  the  outer  and  imier 
trochlea  are  bent  backward.  The  Penguins  show  the  most  in* 
structiTe  modification  oi  the  metatarsal:  it  is  yery  short  and 
broad ;  but  the  primitive  divisions  are  to  a  great  degree  retained, 
especially  on  the  fore  part  of  the  compound  bone.  The  stunted 
or  abortive  metatarsal  supporting  the  backwazdly  directed  toe 
consists  of  a  trochlear  articulation  supported  on  a  compressed 
stem^  twisted,  and  obtusely  pointed  above,  with  one  mafgb 
thiclraned  and  rough  for  syndesmosis  with  the  next  anchylosed 
metatarsal.  This  bone  is  best  developed  in  the  Haptorial  birdi 
and  the  Dodo,*  in  which  its  length  may  exceed  a  fourth  part 
cf  the  length  of  the  metatarsal  segment:  in  Pigeons  it  is  about 
the  fifth  or  sixth  part  that  length :  by  the  twist  the  bone  fomn  a 
pulley  upon  which  the  flexor  tendon  of  the  back  toe  plays.  In 
the  Dodo  the  distal  expansion  is  increased  by  an  obtuse  process 
from  the  outer  side  of  the  trochlea;  and  this  character  is  repeated 
in  the  Colttmhidm,*  In  Gattinte  the  trochlea  is  less  expanded 
and  the  twist  is  feebly  shown :  it  disappears  in  the  still  smaller 
loose  metatarsal  of  Apteryx,  Palapteryx^^  and  in  many  Natatores, 
in  some  of  which  it  is  represented  by  the  ligamentous  matter 
tying  the  short  back  toe  to  the  metatarsc. 

B()th  this  (i)  and  its  metatarsal  are  undeveloped  in  the  larger 
existing  Cursores,  the  Bustards  (  Otis),  the  Plovers  (  Charadicus), 
the  Thick-knees  (^(Edicnemus),  the  Oystercatchers  ( Ilcematopns), 
the  Coursers  ( Tachydromus),  and  the  Albatrosses  {DioinedcBa  and 
Hnladromd). 

The  toes  of  birds  never  exceed  four  in  number,  and  of  these, 
three  are  usually  elongated  and  directed  forward,  diverging,  while 

1  xzrr.  *  xxTU*.  pL  11.  '  xvr.  vol.  lii.  p.  a07. 
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one  is  short  and  directed  backward.    Tlie  hind  toe  articulates 
on  the  same  plane  'As  the  otliers  in  rrra.«pinix        perching  birds, 
but  on  a  higher  level  in  terrestrial  and  aquatic  kinds.    By  the 
analogy  of  the  number  f)f  tlic  ]»ha!anges  of  these  toes  with  those 
in  Lizarfl??  f  voh  i.  p.  192,  fiij.  122)  tlic  back  toe,  fig.  34,  ?,  is  the 
inneniiost,  answering  tn  '  hallux;'  the  inner  of  the  front  toes,  ib. 
II,  is  the  second ;  the  middle  one,  ib.  ih\  is  the  third:  the  outer 
one,  ib.  w,  if:  the  fourth  :  it  will  be  seen  that  the  number  of 
phalancjcs  progressively  increases  from  tw^o  to  five.    The  fifth 
too  of  the  four  phalanges  in  the  Monitor  is  not  developed  in  any 
bird.    The  constancy  of  the  number  of  phalanges  in  each  toe  is 
such  that  the  tt)es  retained  in  a  tridactyle  bird,  e.  g..  Emeu,  are 
seen  to  be  the  second,  third,  and  fourth ;  those  in  a  didactyle 
bird,  e.  g.,  Ostrich,  to  be  the  third  and  fourth :  and,  although  the 
latter  is  much  the  smaller  Jind  shorter  toe,  it  retains  its  superior 
number  of  joints.    Among  the  very  few  exceptions  to  this  rule 
may  be  cited  the  outer  toe  of  the  Caprimulgus  and  of  the  Swift, 
whioh  has  but  four  phalanges ;  in  the  Swift,  also,  the  innermost 
toe  is  directed  forward  like  the  rest.    The  last  phalanx  in  each 
toe  is  pointed,  and  usually  curved,  corres|M)nding  in  some  measure 
witli  the  shape  of  the  claw  it  supports :  the  articular  ends  of  the 
phalanges  are  slightly  expanded  and  coadapted  with  trochlear 
joints  limiting  motion  to  one  plane. 

The  chief  of  the  sesamoid  bone«  in  the  hind  limb  is  the  patella ; 
it  is  of  unusual  size  in  the  Penguin,  is  ossified  from  two  centres, 
and  articulates  with  the  procnemial  process  of  the  tibia:  it 
coexists  with  the  long  rotular  process  in  the  Loon,  fig.  34,  /;  it 
is  large  and  of  an  angular  form  in  the  Musk-duck  {Biziura):  in 
the  Merganser  the  patella  is  largest  and  deeply  notched  *,  in  the 
Coot  it  is  elongate.  Tn  most  aerial  birds  a  patella  is  wanting. 
A  calcaneal  sesamoid  is  wedged  into  the  outer  and  back  part  of 
the  ankle-joint  in  the  Apteryx,  and  plays  upon  the  back  part  of 
the  tibial  trochlea  in  the  Turkey,  Guan,  CurasBow^  and  some 
other  Rasures. 

Ossification  normally  extends  into  the  tendons  of  some  of  the 
muscles  in  most  birds  :  e.  g.,  of  the  deep  seated  spinal  ones  of  the 
bock  (  Uria  Troile  and  many  others) ;  of  the  muscles  of  the  foot 
and  tmn  (  GaliifKe).  The  bony  plates  at  the  corneal  margin  of 
the  «clcrotic  tunic  of  the  eye,  and  the  columelliform  stapes  of  the 
ear,  arc  appendages  to  sense-organs.  ]VIr.  William  Home  CHft 
diflCOTercd  small  ossifications  at  the  attachments  of  the  semilunar 
valvei  of  the  aorta  and  pulmonaiy  artery  in  some  Birds.' 

>  Tll%  p.  S31. 
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CHAPTER  XV, 

MUSCULAR  SYSTEM  OF  AV£8. 

§  131.  General  Characters. — The  mTisnilar  system  of  Birds  b 
rernarkal)k'  for  the  distinctnesh  and  ilensity  of  the  fasciculi  or 
visible  fil)rcs,  tlie  di^ep  red  colour  of  tliose  chiefly  employed  in 
vigorous  action,  and  their  marked  sof)aratiou  from  tlio  ten(li)n>, 
which  are  of  n  pearly  shininj:^  eoluui,  and  have  a  peculiar 
tendency  to  obslfication.  This  hi^li  degree  of  developement  re- 
sults from  the  rapid  circulation  of  very  warm  and  rich  blood, 
higldy  oxygenated  through  the  extent  of  the  resjjiratory  system. 
The  energy  of  the  muscidar  contraction  in  this  class  is  in  the 
ratio  of  the  activity  of  the  vital  functions,  hut  the  irrltAhility  of 
the  fibre  rapidly  p»es  after  death.  The  elementiiry  fibres  are 
mucli  smaller  and  less  sharply  angular  than  in  Reptiles;  the 
blood-vessels  being  more  abundant  and  occupying  more  space  in 
their  intervals. 

These  characteristic  properties  are  manifested  in  ilie  rrreatest 
desrree  in  the  muscles  of  the  Volitores.  and  of  those  Ctuftorcs  that 
take  tlirir  iuod  on  tin  \vin*r,  as  the  Hinindui id'C  in  tliosc  of  the 
Diurnal  Jiaptores  and  the  long-winged  PalmipedeSy  as  the  x\Iba- 
tross.  Tropic  Bird,  &c.  In  the  more  heavy  and  slow-niovins^ 
Herbivorous  families,  the  muscles  resemble  those  of  the  Kejitilia 
in  their  softness  and  pale  colour.  In  birds  of  tliglii  the  me- 
chanical disjiosilioTi  of  the  muscular  system  is  admirably  adapted 
to  the  aerial  loeoijinti  11  of  this  class  ;  the  ]»rincipal  masses  being 
collected  below  tht  centre  of  gravity,  beneath  tlic  sternum,  beneath 
the  pelvis,  and  upon  the  thighs,  thoy  net  like  the  ballast  of  a 
vessel  and  assist  in  maintaininfj;  the  ii  a  liness  of  the  body  during 
flight,  while  at  the  same  tune  the  extrem'ties  require  only  long 
and  thin  tendons  for  the  conununication  of  the  muscular  influence 
to  tliem,  and  are  thereby  rendered  light  and  slender. 

§  132.  Miisclr.-i  of  tilt'  rrrfrhrcc.  —  Tlie  inu-(  1es  of  the  cervical  re- 
gion are  the  most  developed,  as  might  be  expected  from  the  size 
and  mobility  of  this  part  of  tbo  s])ine  ;  the  muscles  which  are  situ- 
ated on  the  dorsal  and  lumbar  ref^ious  are,  on  the  other  hand,  very 
indistinct,  feeble,  and  but  slightly  carneous ;  they  arc  not,  how- 
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eyer,  entirely  wanting.    In  the  Stnithioufi  and  short-winged  sea 
birds,  in  which  the  dorsal  vertebns  are  unfettered  by  anchylosis, 
these  muscles  are  more  fleshy  and  ^ 
distinct,  most  so  in  the  Apteryx, 
and  will  here  be  described  as  seen 
ill  that  bird.' 

The  sacro'lumbalis  is  the  most 
external  or  lateral  of  the  muscles 
of  the  back,  and  extends  from  the 
anterior  border  of  the  ilium  to  the 
penultimate  cervical  vertebra.  It 
arises  by  short  tendinous  and  car- 
ncous  fibres  from  the  outer  half  of 
the  anterior  margin  of  the  iliuui, 
and  by  a  successi(^n  of  long,  strong, 
and  flattened  tendons  from  the  an- 
gles of  the  fifth  and  fourth  ribs, 
and  from  the  diapophyses  of  the 
third,  scccjnd,  and  first  dorsal  verte- 
bnc ;  also  by  a  shorter  tendon  from 
that  of  the  last  ccrvirul  vcrtel)ra; 
tliesc  latter  orinflns  re])resent  the 
tnusculi  ticcntsorii  (id  sarro-lmnha-' 
lein  ;  to  bring  thoni  into  view,  the 
cxtornal  margin  of  the  sucro-luni' 
ha/is  must  be  raised.  These  acces- 
sory tendons  run  obliquely  forward, 
expanding  as  tlicy  proceed,  and  are 
lost  in  the  under  surface  of  the 
muscle.  It  is  inserted  by  a  fleshy 
fasciculus  with  very  short  tendiiuius 
fibres  into  the  angle  of  the  sixth 
rib,  and  by  a  series  of  corres])ond- 
ing  fasciculi,  which  become  progressively  longer  and  more  ten- 
dinous, into  the  angles  of  the  fifth,  fourth,  third  and  second 
ribs,  and  into  the  parapophyses  of  the  first  dorsal  and  last  two 
cervical  vertt^bne :  the  last  insertion  is  ileshy  and  strong;  the 
lour  anterior  these  insertions  are  concealed  by  the  upper  and 
outer  fleshy  ])ortlons  of  the  s(irro-hnnh(ilfs,  which  divides  into  five 
elongated  fleshy  bundles,  inserted  successively  into  the  diapo- 
physes of  the  first  three  dorsal  and  last  two  cervical  vertebra;. 


MoMlM  Of  «  Hawk. 


xxi\:  voL  iii.  p.  2bU,  pis.  32  aad  33. 
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These  last  insertions  seem  to  represent  the  oontiiitiatton  of  the 
McrO'lumbalU  in  Man,  which  is  termed  the  eermcalU  de9cemdem$ 
or  ateendens. 

The  longUHmm  dorsi  is  hlended  posteriorly  both  with  the 
saero-lumbalU  and  the  muhifidus  spiiuE,  and  anteriorij  with  the 
outer  portion  of  the  spinalU  dmu  It  extends  as  far  forward  as 
the  thirteenth  ceryical  vertebra.  It  arises  from  the  inner  or  mesial 
half  of  the  anterior  margin  of  the  ilium ;  from  a  strong  aponeu- 
rosis attached  to  the  spines  of  the  eighth,  seventh  and  sixth  dorsal 
vertebrsB ;  and  from  the  diapophyses  of  Ihe  sixth,  fifth,  fourth  And 
third  dorsal  vertebrie.  The  cameous  fibres  continued  from  the 
second  origin,  or  series  of  origins  from  the  spinous  processea,  in- 
cline sliglitly  outward  as  they  pass  forward,  and  are  inserted  into 
the  anapophyses  of  the  first  three  dorsal  vertebns,  receiving  ae> 
cesspry  fibres  from  the  spinalis  dorsi.  The  faaacuU  from  the 
diapophyses  incline  inward,  and  are  also  inserted  into  the  aBa|>o- 
physes  of  the  vertebras  anterior  to  them ;  they  receive  fibres  from 
the  iliac  origin,  and  soon  begin  to  form  a  series  of  oblique  cameooa 
fasciculi,  which  become  more  distinct  as  they  are  situated  more 
anteriorly ;  they  are  at  first  implanted  in  the  vertebra  next  in  front 
of  that  from  which  they  rise,  and  then  into  the  vertebra  next  but 
one  in  front:  the  most  anterior  of  these  tendons  of  insertions,  to 
which  can  be  traced  any  of  the  fibres  of  the  m«n  body  of  the 
longissimus  dorsi  is  that  which  is  implanted  into  the  thirteenth 
cervical  vertebra ;  it  is  this  fasciculus  which  is  joined  by  the  first 
or  most  posterior  of  the  fascicuU  obliqui  of  the  lonr/us  colli  posticus, 

Obliquus  colli,  a  series  of  oblique  cameous  fasciculi,  evidently 
a  continuation  of,  or  part  of  the  same  system  with  those  in  whidi 
the  lonffissimus  dorsi  terminates  anteriorly,  is  continued  between 
the  diapophysis  of  one  cervical  vertebra  to  the  aoapophyds  or 
posterior  zygapophysis  of  the  next  vertebra  but  one  in  advance* 
as  far  forward  as  the  fourth  cervical  vertebra.  This  series  of 
miiscles  seems  to  represent  the  transversalis  colli,  which  is  the 
anterior  continuation  of  the  longissimus  dorsi  in  Mammalia,  but 
it  difiers  in  being  inserted  into  the  oblique,  instead  of  the  trans- 
verse processes.  In  the  direction  of  their  fibres  these  fasciculi 
resemble  the  semispinalis  colli,  but  they  are  inserted  into  the 
oblique  processes  instead  of  the  opines  of  the  vertebns.  There 
are  no  other  muscles  with  which  they  can  be  compared  in  the 
Mammalia  than  these  two,  with  neither  of  which,  however,  do 
they  precisely  correspond;  they  seem  to  represent  the  second 
series  of  oblique  muscular  fasciculi  in  the  trunk  of  Fishes, 

The  fascicuU  obliqui  which  rise  from  the  first  two  dorsal  auJ 
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five  lower  cervical  vertebrae  are  joined  near  their  tendinous  termi- 
nations  hy  corresponding  oblique  faeciculi  of  the  longus  colli 
posticus,  and  the  strong  round  tendons  continued  from  the  points 
of  convergence  of  these  fascicles  are  inserted  successively  into  the 
posterior  oblique  processes  of  the  twelfth  to  the  sixth  cervical 
vertebra  inclusive;  the  two  fasciculi  next  in  succession  receive 
no  accessory  fibres  from  the  longus  colli  posticus ;  the  anterior 
one  derives  an  extensive  origin  from  the  upper  transverse  pro- 
cesses of  the  eighth,  seventh,  and  sixth  cervical  vertebrae.  It 
must  be  observed,  however,  that  the  whole  of  each  fascicuhis  is 
not  expended  in  the  strong  round  tondinoujs  insertion  above  de- 
scribed ;  the  portion  which  arises  f  rom  the  anterior  ridge  of  the 
diapophysis  ])a^ise«i  more  directly  inwards  tlian  the  rest,  and  is 
attached  to  tlie  teiKlon  which  terminates  the  fasciculus  imme- 
diately behind;  at  the  middle  of  the  neck  these  accessory  fibres 
approach  to  the  character  of  distinct  origins.  The  tendons  of 
iiiftcrtion,  moreover,  severally  receive  accessory  fleshy  fibres  from 
the  base  of  the  zygapopliysis  of  the  two  vertebraj  next  behind; 
and  thus  they  become  the  medium  of  muscular  forces  acting  from 
not  less  than  five  distinct  pouit-,  the  power  of  which  is  augmented 
by  each  tendon  being  braeed  down  t)y  the  oblique  conwiLnng 
series  of  nuiscles  immediately  anterior  to  it.  The  fasciculus  ironi 
the  eighth  cervical  vertebra,  beside?  its  insertion  by  the  ordinary 
tendon,  sends  off  externally  a  »uiall  pyramidal  bundle  of  muscular 
fibres  which  soon  terminates  in  a  long  and  slender  temion  winch 
is  insrrted  into  tiie  ohlii|ue  process  ul"  the  third  cervical  vertebra. 
CorrespondiuL:  jxirtions  of  muscle  are  detached  from  the  two 
anterior  fasciculi,  which  c(jn verge  and  terminate  in  a  ( t)rninon 
slender  tendon  inserted  into  the  posterior  oblique  prru'css  of  the 
funrth  cervMcal  vertebra;  and  thus  terminates  this  complex  muscle 
or  series  of  nmscles.  it  is  partially  represented  by  the  muscle 
a,  in  fig.  35  (Hawk). 

The  longus  colli  postivus  is  mo??t  internal  or  medial  of  the  super- 
ficial muscles  of  the  dorsal  aspect  (»f  the  thoracic  and  cervical 
regions.  At  its  posterior  jmrt  it  seems  to  be  a  continuation  of  the 
/itugissfmus  dorsi ;  its  medial  and  anterior  part  offers  a  strong 
analogy  with  the  Im  ruter  cervicis ;  it  is  the  hoinologuc  of  the 
first,  or  medio-dorsal  series  of  oblique  fibres  of  the  mu>eiilar 
system  in  Fl?<hes.  It  commences  by  long  and  slender,  but  strong, 
subcitmpresscd  tendons  from  the  spines  of  tlic  sixth,  fifth  and 
fourth  dorsal  vertebne :  these  tendons  gradually  expand  as  they 
proceed  forward  and  dt)wnward,  and  send  off  from  their  under 
surl'acc  muscular  fibres  which  continue  in  the  same  course^  and 
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begin  to  be  grouped  into  dUitiact  fasciculi  at  the  base  of  the  neck: 
the  first  of  these  bundles  joins  a  fasciculus  of  the  longisnmutdttrsi, 
which  is  inserted  into  the  anapophysis  of  the  thirteenth  cervical 
yertebra;  the  succeeding  fasdcuU  derive  thdr  origins  from  a 
broad  and  strong  aponeurotic  sheet  attached  to  the  spines  of  the 
fourth,  third  and  second  dorsal  vertebra:  the  second  to  the 
eighth  fasciculi  inclusive  are  compressed,  broad,  and  fleshy,  sad 
are  inserted  in  the  strong  round  tendons  described  in  the  pre* 
ceding  muscle,  and  attached  to  the  zjgapophyses  of  the  twelfUi  to 
the  sixth  cervical  vertebra  inclusive :  the  ninth  fasciculus,  wbidi 
forms  the  main  anterior  continuation  of  the  Umgus  colli  posticus, 
is  larger  than  the  rest,  and  receives,  as  it'  advances,  accessory 
fibres  firom  the  spinous  processes  of  the  seventh  to  the  third 
cervical  vertebne  inclusive,  and  is  inserted,  partly  fleshy,  partly 
by  a  strong  tendon,  into  the  side  of  the  broad  spine  of  the  verted 
deniata,  A  slender  fasciculus  is  detached  from  the  mesial  and 
dorsal  margin  of  the  lonffus  colli  potHcuSt  near  the  base  of  the 
neck,  which  soon  terminates  in  a  long  round  tendon,  fig.  35,  as: 
this  tendon  is  braced  down  by  short  aponeurotic  fibres  to  the  spine 
of  the  fifth,  fourth,  third  and  second  cervical  vertebra  indusive, 
immediately  beyond  which  it  again  becomes  fleshy,  and  expands 
to  be  inserted  into  the  occipital  ridge :  this  portion  is  the  digas' 
trique  or  bivenUr  capitis  of  Cuvier,  ib.  c,  6. 

In  Raptores  the  carneous  exceeds  the  tendinous  part  of  this 
muscle.  The  displacement  of  the  dorsal  portion  of  the  preceding 
muscle  and  ihe  longissimus  dorsi  brings  into  view  the  spinalis 
dorsit  which  is  a  well-developed  and  distinct  muscle  in  the 
Apfnyx,  It  arises  by  two  long,  narrow,  flattened  tendons  from 
the  spines  of  the  eighth  and  seventh  dorsal  vertebra :  these  pass 
obliquely  downward  and  forward,  expanding  as  they  proceed, 
and  terminate  in  two  fasciculi  of  muscular  fibres :  the  posterior 
bundle  passes  forward  beneath  the  anterior  one,  and  inclining 
inward  and  upward,  divides  into  two  portions,  inserted  by  long 
tendons  into  tiie  spines  of  the  second  and  first  dorsal  vertebra; 
it  then  sends  a  few  fibres  forward  to  join  the  outer  and  anterior 
fasciculus,  which  h  partly  inserted  by  a  slender  tendon  into  the 
spine  of  the  last  cervical  vertebra:  the  rest  of  the  fibres  of  the 
second  fasciculus  join  the  portion  of  the  longissimus  dorsi  which 
is  implanted  into  the  posterior  oblique  process  of  the  last  cervical 
vertebra.  The  three  inserted  tendons  of  the  spinalis  dorsi  are 
also  the  medium  of  attachment  of  fibres  continued  from  the  inv^ 
tifidns  spinm^  beneath  them. 

.  The  series  of  muscles  called  muWJidus  spines  arises  by  fleshy 
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fibres  from  the  diapophyses  of  the  five  last  dorsal  vertebnej  which 
pass  upward,  forward,  and  inward,  to  be  inserted  by  four  flat 
tendons  into  the  spines  of  the  seventii  to  the  third  dorsal  vertebrsB 
inclusive,  and  by  the  tendons  of  the  spinalis  darsi  into  the  two 
anterior  dorssl  spines. 

Obliquo'spinales^  The  removal  of  the  muUifidus  spinm  brings 
into  view  a  series  of  long,  narrow,  flat  tendons,  coming  off  from 
the  spines  of  all  the  dorsal  vertebras,  and  slightly  expanding  as 
they  proceed  forwards  and  obliquely  downwards  and  outwards ; 
they  become  fleshy  half-way  from  ituar  origin,  and  are  inserted 
into  the  posterior  oblique  and  transverse  processes  of  the  six 
anterior  dorssl  vertebne,  and  into  the  posterior  oblique  processes 
of  the  three  Isst  cervical  vertebras. 

The  interspinals  muscles  do  not  exist  in  the  r^onof  the  back, 
unless  we  regard  the  preceding  oblique  fibres  as  a  modified  repre- 
sentation of  them.  The  most  postericn*  fiisoiculus  of  muscular 
fibres,  which  is  directly  extended  between  the  spinous  processes, 
commences  at  the  interspace  of  the  spines  of  the  two  last  cervical 
vertebrae,  and  the  series  is  continued  as  far  ss  the  vertebra  dentata, 

Interarticukires,  The  muscles  which  form  the  more  direct 
continuation  of  the  obUquospinaUs  are  continued  from  the  pos- 
terior zygapophysis  of  one  vertebra  to  that  of  the  next  in  fironl 

Obliguih4ransversale8,  A  third  series  of  deep-seated  interver- 
tebral muscles  is  situated  external  to  the  preceding,  and  passes 
obliquely  between  the  diapophysis  and  the  posterior  zygai>ophysis 
of  the  vertebra  in  fh>nt.  These  fasciculi  appear  to  be  a  con- 
tinuation of  the  muUifidus  spina  in  the  neck. 

The  intertransverstdes  are  two  series  of  short  cameous  fasciculi 
psssing  the  one  between  the  diapophyses,  and  the  other  between 
the  parapophyses. 

LewUores  eostarum.  The  first  or  most  anterior  of  this  series  of 
muscles  seems  to  represent  the  scalenus  medius;  it  arises  from 
both  the  di-  and  pleur-apophysis  of  the  last  cervical  vertebra,  and 
expands  to  be  inserted  into  the  first  rib,  and  into  the  upper  and 
outer  part  of  the  second  rib.  The  remaining  levatares  successively 
diminish  in  size  as  they  are  placed  backwards;  they  come  off 
from  the  diapuphyses  of  the  first  six  dorsal  vertebrae ;  those  from 
the  first  and  second  expand  to  be  inserted  into  the  rib  attached  to 
the  same  transverse  process  and  to  the  one  next  behind ;  the  rest 
have  a  single  insertion :  the  angle  and  the  part  of  the  rib  imme- 
diately beneath  are  the  situations  of  their  attachments. 

Compkxusj  fig.  7.  This  strong  triangular  fleshy  muscle 
arises  from  the  met-  and  di^apopbyses  of  the  fourth,  tiiird  and 
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secoml  cervical  vcrtel)r:i*,  and  gradually  expands  as  ii  ijulvance*^ 
forward  to  ])e  inserted  into  the  occipital  ridge,  from  the  outer  aide 
of  tlic  insertion  of  the  biventer  cervicis  to  the  mastoid  process. 

Recti  eupitis  jxistici.  These  small  muscles  are  concealed  hy 
the  preceding;  they  rise  Buccessively  from  the  spines  of  tKe 
tliird,  second  and  first  ccr\ ical  vertebrae,  and  expand  as  thej 
advance  to  be  inserted  into  tlir  occiput. 

Trachelo~m(i.<toi(leus,  1  lii-  strong,  ijubdej)re9Red  cam  eon* 
muscle  arises  from  the  diapophyscs  of  the  fifth,  fourth,  xh\v\ 
and  second  cervical  vertebrae^  and  is  inserted  into  the  parocci* 
pilal. 

J.oiujm  colli.  This  large  and  long  niuscle,  which  apj>ear-i 
sim])le  wlieii  first  exposed,  is  found  to  consiBt,  when  uiu  avellt  il 
by  further  tlissection,  of  a  series  of  closely  Hueceedlng  luug,  narniw 
fasciculi,  arising  Ironi  the  hypapoj'hy.^es  of  tlie  sixth  dorsal  to  \\it 
first  dorsal,  and  Irom  the  ten  pt>&terior  cervical  vertehnsj ;  and 
sending  narrow  tendons  which  incre.ise  in  lentrth  as  tliev  are 
given  ofl'  more  anteriorly,  obliquely  forward  and  oiitwai\l,  to  1m' 
inserted  into  the  ])leurapophyses  of  all  the  cervical  vertrVtnv  sa\t' 
the  lirst  two:  the  highest  or  foremost  tendon  is  attached  tu  tlie 
tubercle  at  the  under  part  of  the  ring  of  the  atlas;  but  thi* 
tendon  is  also  the  medium  of  insertion  of  five  small  fasciculi  nf 
muscidar  fibres  arising  from  the  diajtophyacs  of  the  sixths  ^th^ 
fourth,  third  and  second  cervical  vertcbric. 

The  rectus  capitis  antici/s  wnjar  is  continued,  or  ariscF  hr 
many  distinct  tendons,  from  the  Ine  Niiju  iior  tendons  of  insertion 
of  the  preceding  muscle:  tbese  origins  &ouri  bi  <  ^iiic  fle«hv.  eon- 
verge,  and  coalesce  previous  to  their  insertion  into  the  bsifie  of  tJbe 
skull. 

'I  he  ri'c/f/s  citj'ihs  niiti<  !is  minor  !!«  a  strong  fleshv  compressed 
triangular  nuiscle  ari>ing  IVoni  the  anterior  |»art  of  the  b«<lv  of 
the  first  four  cervical  vertebrae,  and  inserted  into  the  bafii* 
0cci])ital. 

I'lie  rectus  capitis  lateralis  arise*!  from  the  diapoplivsej*  of  the 
sixth  to  the  second  cervical  vertebne  inclusive;  it  is  inserted  into 
the  lateral  ridge  or  tid)erck'  of  the  basiocctpital. 

The  obiitjHus  extimus  uhdtniiiiiis  arises,  tleshy,  from  the  second 
and  third  ribp,  and  hy  n  strong  aponeurosis  from  the  succeeding 
ribs  near  the  attai  hmentof  the  costal  processes,  and  from  those 
proces8o?5.  The  ili  shy  fibres  are  continued  from  this  aponeurotic 
origin  to  nearly  opposite  the  ends  of  the  vertebral  ribs  :  they  run 
almost  transversely,  very  slightly  inclined  towards  the  pubii»,  to 
within  iuUi  an  inch  of  the  Unca  alba,  and  there  terminatey  by  an 
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almost  stmight,  parallel  line,  in  their  aponeuroBiB  of  infiertion. 
The  fibres  of  this  aponeurosis  decussate  those  of  the  opposite  side, 
and  adhere  to  the  tendinous  intersections  of  the  rectus  beneatL 
The  aponeurosis  from  the  last  rib  passes  to  be  inserted  into  a 
atrong  ligament  extending  between  the  free  extremities  of  the 
pubic  bones,  leaving  the  abdomen,  behind  the  last  rib,  defended 
only  by  the  internal  obUqtu  and  transversaiU. 

The  obliquut  intemus  abdominis  arises  from  the  whole  <^  the 
anterior  and  outer  surface  of  the  pubis;  aponeurotic  from  the 
upper  part;  fleshy  for  half  an  inch  from  the  lower  or  ventral 
extremity :  the  cameous  fibres  run  longitudinally,  and  cannot  be 
distinctly  defined  from  the  intereoitales  on  their  outer  border,  or 
from  the  rectus  abdominis  on  their  inner  or  mesial  border,  which 
forms  the  medium  of  the  insertbn  of  the  internal  oblique. 

The  rectus  abdominis  is  the  medial  continuation  of  the  pre* 
ceding  muscle,  which  arises  by  a  strong,  flat,  triangular  tendon 
from  the  lower  or  ventral  extremity  of  the  pubis  and  from  the 
inter-pubic  ligament :  it  soon  becomes  fleshy ;  the  cameous  por- 
tion is  interrupted  by  three  broad,  oblique,  but  distinct  aponeu- 
rotic intersections,  and  is  finally  inserted  into  the  sternum. 

TransversaUs  abdominis,  A  layer  of  loose,  dark-coloured  cel- 
lular tissue  divides  the  internal  oblique  from  the  transverse  abdo- 
minal, except  at  its  origin  from  the  pubis,  and  for  half  an  inch 
anterior  to  ^at  part.  The  transnersalis  then  proceeds  to  derive 
cameous  fibres  from  the  inner  surface  of  the  ribs  near  their  lower 
third;  they  pass  obliquely  upward  and  forward,  and  terminate 
by  a  regular,  slightly  concave  line  midway  between  their  origins 
and  the  extremities  of  the  ribs ;  a  strong  a[K>neuro6is  ]»as8e8  thence 
to  the  linea  alha,  but  becomes  thin  at  the  pubic  region,  where  a 
mass  of  fat  is  interposed  between  it  and  the  peritoneum. 

The  diaphrngvi  presents  more  of  its  mammalian  character  in 
the  Apteryx'  than  in  any  other  known  bird.  It  is  perforated  by 
vessels  only,  in  consequence  of  the  non-dcvelopement  of  the  abdo- 
minal air-cells.  The  origin  corresponding  to  that  of  the  lesser 
muscle  in  Mumnials  is  by  two  strong  and  distinct,  short  tendinous 
pillars  from  the  sides  of  the  body  of  the  last  costal  vertebra;  they 
arc  united  by  a  strong  tendon  or  fascia,  forming  the  anterior 
boundary  of  the  aortic  pjissage.  The  tendinous  j>illars  may  be 
traced  forward  for  some  way  in  the  central  aponeurosis,  expanding 
without  crossing;  they  arc  tlicii  lost  in  that  aponeur()^^is,  whicli  is 
perforated  by  Uie  gastric  arteries  and  veins,  divides  anteriorly  to 

*  «*«  ToL  iL  pi.  52 ;  vol.  ui.  pi.  36,  p.  SS7. 
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give  pusaage  to  the  gullet  and  the  apex  of  the  heart,  ex^toA 
oyer  the  aDteiior  part  of  the  thonuac  air-cells>  and  becomes,  at  Ha 
lateral  circumference,  the  point  of  attachment  of  muscular  fibret 
arising  from  the  inner  Burfiice  of  the  anterior  rihs,  and  focmif^ 
apparently  a  continuation  of  the  transverMalii  abdominis^ 

The  appendic(hco9tale$^  arise  from  the  posterior  edge  wsod  ex- 
tremity of  the  costal  processes,  and  run  down  to  be  inserted 
seyemlly  into  the  rib  posterior  to  that  to  which  the  proceaB 
affording  them  origin  is  attached*  These  processes  are  supported 
by  strong  triangular  aponeuroses  continued  fiom  iheir  anterior 
and  upper  margins,  seyerally,  to  the  rib  anterior  to  them. 

The  levator  caudm  arises  from  the  posterior  and  superior  ex- 
tremity of  the  ischium ;  it  is  inserted  into  the  spines  of  the  caudal 
yertebrse.  In  birds  with  a  posteriorly  expanded  sacrum,  that 
bone  affords  the  chief  origin  to  this  muscle,  fig.  35,  lo. 

The  adductor  eauda  superior  is  smaUer  than  the  preceding, 
with  which  it  runs  parallel;  it  rises  below  from  the  posterior 
extremity  or  tuber  of  the  ischium,  and  is  inserted  into  the  pleura 
pophyses    the  caudal  yertebre. 

The  adductor  cauda  inferior  arises  from  the  tuber  isdhii  and 
the  ligament  connecting  this  with  the  posterior  extremity  of  the 
pubis.  It  is  inserted  into  the  diapophyses  of  the  caudal  vertebraw 

The  depressor  cauda  arises,  ib.  is,  from  the  under  part  of  the 
middle  line  of  pelvis ;  it  is  inserted  into  the  inferior  s])me8  of  the 
caudal  vertebrae. 

In  birds  of  flight  the '  rectrices,*  or  rudder-quills  attached  to 
the  coalesced  and  modified  terminal  vertebm  call  for  moving 
powers  not  developed  in  the  Aptert/x, 

The  quadratus  coccygis,  fig.  35,  ii,  arises  from  the  diapo* 
ph yses  of  the  coccygeal  vertebne,  and  is  inserted  into  the  shaAs 
of  the  tail-quills,  which  it  separates  and  raises.  On  the  latertl 
aspect  the  puho-coccygeus^  ib.  is,  arises  from  the  posterior  margin 
of  the  pubis,  and  inserted  also  into  the  shafts  of  die  exterior  rrr- 
trices ;  it  is  by  means  of  these  muscles  in  conjunction  with  the 
qiiadratus  and  levator  caudae,  that  the  Peacock  raises  the  gorgeoujs 
plumes  overlying  the  true  taii-feathers. 

The  iliMHeoecygeuSf  ib.  is,  extends  from  the  posterior  margin  of 
the  ilium  to  the  last  coccygeal  vertebra,  and  to  the  sumll  iia'erior 
tail-feathers. 

On  the  ventral  or  inferior  aspect  of  the  tail,  the  muscles  arc  in 
general  more  feebly  developed  than  on  the  oppositi;  bide,  except 
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in  the  Woodpeckers,  where  the  tail,  by  mcaus  of  its  stiff  and 
pointed  quill-feathers,  serves  as  a  prop  to  support  the  bird  on  the 
perpendicular  trunks  of  trees  on  whicli  it  seeks  its  food.  In  these 
the  ischio~cocct/f/euSf  ib.  h,  is  of  hirfjc  size,  extending  from  the 
lower  edge  of  the  ischiadic  tuberosit) ,  and  from  the  diapophyses 
of  the  anterior  caudal  vertehric  to  the  lurma])oj)hyscs  of  the  jM}b- 
terior  ones,  and  to  the  sides  of  the  ])lou£thshare  bouc. 

Of  the  jMuscles  of  the  head,  those  wliieli  are  attached  to  it  for 
its  general  motions  have  already  been  described  ;  the  remaining 
muscles  of  this  part  are  devoted  to  the  niovcmcntss  of  the  jaws,  the 
tongue,  the  eye,  and  the  ear. 

The  muscles  of  the  jaw. >  are  chietly  modified  in  rehitit)n  to  the 
moveable  condition  of  tiie  upper  mandible  ami  tympanic  bone, 
and  the  subserviency  of  the  latter  to  the  actions  of  these  parts. 

Tlie  temporalis,  fig.  3.5, 17,  fiil«  tlie  temi)oral  fossa,  which  con- 
sequently indicates  the  hulk  of  tliat  muscle  in  the  dry  skull.  It 
arises  from  a  greater  or  le-Sii  extent  of  the  tt^mporal  and  parietal 
bones,  and,  as  it  ])asses  within  the  zygoma,  becomes  closely 
blended  with  the  maasi  ter ;  the  united  muscles  derive  an  acces- 
sion of  fibres  from  the  lower  part  of  the  orbit,  and  are  inserted 
into  the  raised  superior  margin,  representing  the  coronoid  prtxiess  ; 
and  into  the  sides  of  the  lower  jaw  from  the  artieulation  as  far 
i4Ji ward  as  the  commencement  of  the  horny  bill.  In  the  Cormo- 
rant, the  osseous  style,  moveahly  articulated  to  the  superoccipital, 
atibrds  to  the  temporal  nuisclcs  a  more  extensive  origin.  This, 
indeed,  is  its  esseniial  use,'  for  the  muscles  of  the  upper  part  of 
the  neck  are  inserted  into  the  occipital  hone,  and  glide  beneath 
the  posterior  or  superadded  fasciculi  of  the  temi)oralis. 

The  hiventer  niaxiJ/xc,  ib.  18,  arises  by  two  ])ortions,  the  one 
from  the  lateral  depression,  the  other  from  the  lower  ]>art  of  the 
par  fTipital;  they  arc  inserted  into  the  back  part  and  angle  of 
the  low  cr  jaw. 

The  openers  and  closers  of  the  mandibles  present  very  slight 
ditferem  es  of  bulk  in  relation  to  the  developement  of  the  parts  they 
are  destined  to  move;  their  dis])roportion  to  the  bill  is,  on  the 
contrary,  truly  remarkable  in  ilnj  llurn-bills.  Toucans,  and  Pe- 
licuri.  :iti(l  the  bill  i.>  l)ut  w  rakly  closed  in  these  in  comparison 
witii  tiie  sh(U'tor-bille(l  birds. 

The  upjxr  mandible  when  moveable  is  acted  on  by  three 
inu^eU'-  on  eitlier  side.  The  first  is  uf  a  radiated  form,  arises 
from  the  septum  uf  the  orbitj*,  the  fibres  converging  to  be  inserted 
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into  tlie  pterygoid  near  its  articulation  with  the  tympanic.  It 
draws  forward  the  pterygoid  bunc^  which  pushes  against  and  nuses 
the  upper  jaw. 

The  entoti/mpanicus,  or  levator  tympanic  us.  nri>cs  from  the  !»ide 
of  the  basisphenoid  and  is  inserted  into  the  lM^sa,  on  the  inn<T 
surface  of  the  tympanic  bone  :  in  a(hKu  ting  that  hone  it  pushes*  tV.r- 
wanl  tlie  pterygoid,  and,  coiise(|uently,  tlie  upper  nmndiblc  in  tht.- 
same  way  as  the  preceding  muscle,  and  a^^ists  in  oj»ening  the  l  ill. 

The  ptcryyuideus  extmnis  arises  from  the  outer  side  of  the 
orbital  process  of  the  tympanic,  and  is  inserted  into  the  mundihio  in 
front  of  the  outer  articular  cavity.  The  pterygoidt us  intrrnan 
arises  by  a  tendon  from  the  fore  part,  an<!  by  fle?hy  fibre**  ^T*>m 
the  rcjst,  of  the  de]»rcssion  upon  the  palatine  bone,  and  ie^  jtis*  H«-ii 
into  the  inner  part  of  the  inflected  angle  of  the  mandible,  llm 
muBcle  draws  forward  the  lower  jaw. 

In  the  Cross-bill  ( Lo.rui  ('urvirostrn)i\\QYQ  is  a  reraai  kable  want 
of  symmetry  in  the  m  i  les  of  the  jaws  on  the  two  sides  of  the 
head  corresponding  to  tiieir  peculiar  position.  Those  of  the  ^h\e 
towardii  which  the  lower  jaw  is  drawn  in  a  state  of  rest  (which 
varir  in  different  individuals)  are  most  developed,  and  net  up*^n 
the  mandibles  with  a  force  that  enables  the  bird  to  didlodge  tije 
seeds  of  the  fir-cones,  w  hich  constitute  its  food.* 

The  articulation  of  the  lower  jaw  is  stren<rtliened  and  its  move- 
ments restrained  by  two  strong  ligaraentii;  one  of  t!n"^f>  is  e:^tendeil 
from  the  squamosal  to  the  outer  protuberance  near  the  jcint 
the  lower  jaw.  The  second  ligament  extends  from  the  hind  nid 
of  the  sijuamosal  directly  backward  to  the  posterior  part  i»f  the 
inner  articular  depression  of  the  lower  jaw,  and  guardi}  againftt 
tlie  backward  distoeation  of  the  lower  jaw. 

§  133.  MiiscJi's  of  thr  rriiii/s.  -  Some  of  tliose  inserted  into  the 
humerus,  are  pnRligiously  developed,  and  form  the  most  charac' 
teristic  part  of  the  myoloj^y  of  the  Hird.  The  musclo<5  of  t^c 
shoulder,  however,  are  but  small,  and  thoso  of  the  distal  st^gmeoti 
of  the  wing  still  more  iecble. 

The  TrfTpezius,  fitj;.  35,  2u,  arises  from  the  spines  of  the  lower 
cervical,  and  a  varyinp^  number  of  the  contiguous  dorsal  ver- 
tebrae, and  inserted  into  the  <lorsal  murgia  of  the  scapula  aaU 
the  corresponding  extrennty  of  the  coracoid. 

The  rhombofdeus  lies  iimnediatel}'  beneath  the  i)recediug,  and 
is  alwavs  sinirb* :  it  passes  in  a  direction  contrary  to  the  trapezius 
froni  the  s|iines  of  the  anterior  dorsal  vertebne  to  the  dorsal  edge 
of  the  scapula.    It  has  no  repreaeotative  in  the  Apteryx. 
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The  levator  scapuliB  arises  by  digitationa  from  the  pleura^ 
pophyses  of  the  last  cervical,  and  the  first  two  dorsal  vertebrse ; 
it  is  inserted  into  the  posterior  part  of  the  dorsal  edge  of  the 
scapula,  which  it  pulls  forwards*  In  the  Apteryx  it  seems  to  be 
the  most  anterior  portion  of  the  series  of  fasciculi  composing  the 
serratus  magnus  anticus.  This  mnsck,  iig.  :>.j,  21,  is  most  de* 
veloped  in  birds  of  prey  ;  it  arises  by  large  digitations  from  three 
or  four  of  the  middle  ribs,  and  converges  to  be  inserted  into  the 
extremity  of  tlie  scapula. 

The  serratus  parvus  anticus  arises  by  digitations  from  the  first 
and  second  ribs,  and  is  inserted  into  the  commencement  of  the 
inferior  margin  of  the  scapula.  This  is  the  largest  of  the  muscles 
of  the  scapula  in  the  Penguins. 

A  muscle,  which  may  be  regarded  either  as  a  portion  of  the 
pectoralis  minor  or  as  the  analogue  of  the  subclavius  muscle, 
arises  from  tlie  anterior  angle  of  the  sternum,  and  is  inserted  into 
the  external  margin  of  the  sternal  extremity  of  the  coracoid  bone. 

The  sH/irn'spinatuSf  ib.  22,  arises  from  the  anterior  and  outer 
part  ot*  the  hunieral  end  of  the  scapula,  and  is'  inserted  behind 
the  largely  developed  ra<li^ll  crest  of  the  huincrus. 

The  muscle  which  seems  to  represent  both  tlie  itifrd-spinatus 
and  teres  major,  ib.  23,  has  a  more  extensive  origin  from  the 
scapula,  and  is  inserted  into  the  ulnar  tuberosity  of  the  humerus, 
where  it  is  closely  attached  to  the  capsule  ol'  the  shoukler-joint. 

The  suhscapuhiris  arises  from  the  anterior  jwirtof  tlie  wiuvr  sur- 
face of  the  scapula,  and  is  inserted  into  the  ulnar  hunieral  tubero- 
sity.   Tt  is  divided  into  two  portions  by  tlie  jjrcford/is  nif/iur. 

The  latiftsimus  dorsi,  ib.  24,  is  but  a  feeble  muscle  in  Birds,  and 
is  constantly  divided  into  two  distinct  slips.  The  anterior  portion 
arises,  more  superficial  than  the  trapezius,  froui  the  spines  of  the 
lour  or  live  anterior  dorsal  vertebrae,  and  is  inserted  near  the 
tendon  of  the  deltoid  into  the  outer  side  of  the  humerus.  The 
posterior  slip  comes  from  the  .-|>mes  of  the  dorsal  vertchra*  above 
the  oriLrln  of  the  broad  abductur  femorisy  ib.  4u,  and  souietimes 
from  the  anterior  niar<i;in  of  the  same  muscle,  and  is  inserted 
by  a  broad  and  thin  tendon  ininiediaiely  in  front  of  the  pre- 
ceding portion. 

The  (leUoides fih»  26,  arises  from  ilic  anterior  part  of  the  scapula; 
als<»  in  Volitnres  and  Ctuiton  s  from  the  acromial  end  of  the  fureu- 
hun  and  the  C€>raoo-furcular  ligament :  a  diislinet  fasciculus  from 
the  inner  angle  of  the  humeral  end  uf  the  scapula  passes  over 
the  OS  humero-Hcapulare,  or  the  hnmero-scapular  liganu  iit,  to  be 
inserted  into  the  angle  of  the  pectoral  ridge ;  this  portion  is  large 
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and  distinct  in  Doves ; '  where  the  humero-ecapialar  ossicle  existB, 
a  fasciculus  therefrom,  lai^  in  Owls,  appears  as  a  distinct  origin 
of  the  deltoid,  the  main  mass  of  which  muscle  is  inserted  into  the 
pectoral  ridge  from  its  angle  dbtad.  The  deltoid  raises  and 
retracts  the  wing. 

Birds  have  the  pedoraUs  muscle  divided,  as  in  many  Mammals, 
into  three  portions,  so  distinct  as  to  he  regarded  as  separate 
musclefl ;  they  all  arise  from  the  enormous  sternum,  and  act  upon 
the  proximal  extremity  of  the  humerus. 

The  Jirst  or  preai  peet&rai  mtf^e/e,  ih.  9f,  is  extraordinarily  de- 
veloped, and  is  in  general  the  largest  muscle  of  the  body*  In 
birds  of  flight  it  often  equals  in  weight  all  the  other  muscles  of 
the  body  put  together.  It  arises  from  the  anterior  part  of  the 
outer  surface  of  the  davide  or  furculum,  from  the  keel  of  the 
sternum,  and  from  the  posterior  and  external  part  of  the  lower 
surfiice  of  that  bone;  it  is  inserted  by  an  extended  fleshy  margin 
into  the  palmar  surface  of  the  pectoral  crest  of  the  humerus.  It 
forcibly  depresses  the  humerus,  and,  consequently,  forms  the 
principal  instruiflent  in  flight. 

This  muscle  is  very  long  and  wide  in  the  Natatores  generally, 
but  in  the  Penguin,  its  origin  is  limited  to  the  external  margin  of 
the  subjacent  pectoral  muscle,  which  is  here  remarkably  developed. 
The  great  pectoral  is  very  long,  but  not  very  thick  in  the  Rasoreg, 
In  the  Herons  it  is  shorter,  but  much  stronger  and  thicker*  Its 
size  is  most  remarkable  in  the  Humming-birds,  Swallows,  and 
diurnal  Birds  of  Prey,  where  it  is  attached  to  almost  the  whole 
outer  surface  of  the  sternum  and  its  crest,  and  has  an  extended 
insertion.  In  the  Ostrich  its  origin  is  limited  to  the  anterior  and 
external  eighth  part  of  the  sternum,  and  it  is  inserted  by  a 
feeble  tendon  into  the  commencement  of  the  pectoral  crest  of  the 
humerus,  to  which  it  gives  a  strong  rotatory  motion  forwards. 
In  the  Aptciyx  the  pectoralis  major  ^  is  represented  by  two  thin 
triangular  layens  of  muscular  fibres  attached  to  the  under  and 
lateral  part  of  the  stcnuim,  and  converging  to  be  inserted  into  the 
proximal  third  of  the  minute  humerus. 

The  srronil  j)crt(jrul  musc/e  is  situated  in  birds  of  tlipfht  beneath 
the  great  ])et:toraI ;  it  has  the  form  of  an  elnnL'atcd  trianirlc  :  it 
arises  fn'ui  tlie  base  of  the  crest  of  the  sternum  and  from  the 
mesial  jnirt  of  (he  inlerior  surface  of  that  hone;  it  increases  in 
size  as  it  ascciul.-,  ilien  again  becomes  suddenly  contracted,  |ia?«es 
upward  and  backward  round  the  coracoid^  between  that  bone  aud 
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the  duvicle,  then  turns  downward  and  outward^  and  is  inserted, 
fleshy,  above  and  in  front  of  the  greui  pectoral,  into  the  upper  ex- 
trcmitj  of  the  humeral  crest. 

The  interspace  between  tiie  chiyicle,  coracoid,  and  scapula, 
through  which  its  tendon  passes,  serves  as  a  pulley,  by  means  of 
which  the  direction  of  the  force  of  the  carucous  fibres  is  cliangcd, 
and  although  these  fibres  ascend  from  below  toward  their  inser- 
tion, yet  they  forcibly  raise  the  humerus,  and  thus  a  levator  of  the 
wing  is  placed  without  inconvenience  on  the  lower  jmrt  of  the 
tronk,  and  the  centre  of  gravity  [)roporti()nally  depressed. 

In  the  Penguins,  Guillemots,  and  Gulls,  this  muscle  is  almost 
the  largest  of  the  three,  occupying  the  whole  length  of  the  ster- 
num. It  is  remarkable  for  the  length  and  strength  of  its  tendon, 
which  is  inserted  so  as  to  draw  forwards  the  humerus  with  great 
force.  It  is  pro|K)rtionally  the  smallest  in  the  Raptures ;  and  is 
very  small  and  slender  in  the  Stnithious  birds. 

We  have  already  alluded  to  the  use  which  the  Penguin  makes 
of  its  diminutive  aiitcriur  extremities  as  water-wings,  or  fins  ;  to 
raise  these  after  making  the  down-stroke  ob\-iously  requires  a 
greater  etl'ort  in  water  than  a  bird  uf  lUglit  makes  in  raising  its 
wings  in  air  :  henee  the  necessity  for  a  stronger  developcment  of 
the  second  pectoral  muscle  in  this  and  other  diving  birds,  in  all 
of  which  the  wings  are  the  chief  organs  of  locomotion,  in  that 
action,  and  consequently  require  as  powerful  a  developement  of 
the  |)cctoraI  muscles  as  the  generality  of  birds  of  flight. 

The  third  pectoral  jnuscle,  yvh\c\\  is  in  general  the  smallest  of 
the  three,  arises  from  the  aiiterior  part  of  the  sternum  at  the  angle 
between  the  b(xly  and  keel,  and  also  hy  a  more  extended  origin, 
froaj  the  pu^tenor  moiety  of  the  inferior  .surface  of  the  coracoid 
and  the  coraco-clavicular  membrane ;  it  is  directed  forward, 
rising,  to  pass  through  the  scapulo-coracoid  trochlea;  its  tcndcm 
glides  through  a  sheath,  uttaelied  to  the  capsule  of  the  shoulder- 
joint,  and  in  some  liirds  to  the  os  humero-scapulare ;  and  is  inserted 
into  the  ratllal  tuberosity  of  the  humerus  which  it  hel]>s  to  raise. 

It  is  jtroportionally  large  in  the  Penguins  and  Gulls,  but  attains 
its  greatest  devclopement  in  the  Gallinaeef)u.s  order. 

Above  the  preceding  muscle  there  is  another  longer  and  more 
nlender  taie,  analogous  to  the  coraro-f/raihidlis,  which  arises 
fnnn  the  middle  of  the  ix^terior  surface  of  the  coracoid  ;  its  direc- 
tion upward  in!  less  vertical  than  thai  of  the  thiid  pectoral,  along 
the  outer  side  of  which  it  is  attached  to  the  anterior  tuberosity 
of  tlie  humerus.  This  muscle  is  wanting  in  the  Struthiomd<c^  is 
of  small  size  iu  the  ilcroa  and  Goose,  is  much  more  developed  in 
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the  Raptores  and  num^  Natatores^  especially  the  Peiiguiiifli»  and 
attains  its  greatest  relative  size  in  the  Ratom^  where  it  arises 
from  almost  the  whole  of  the  coraeoideum. 

Birds  in  general  possess  two  JUxors  si  and  one  extensor,  d^.  35, 
S7»  of  the  fore-arm.  They  have  also  musdea  corresponding  to 
pronators  and  supinators,  but  their  action  is  limited  in  the  fealliered 
tribes  to  infiexion  and  extension  of  the  fore-«rm,  and  to  adduetim 
and  abduction  of  the  hand. 

A  remarkable  muscle,  partly  analogous  in  its  origin  to  the  cla- 
vicular portion  <^  the  deltoid,  but  differently  inserted,  ia  tlie  isf^ 
tensor  plicm  it/am,  ib.  so,  <ij  6,  and  forms  one  of  the  most  powerful 
flexors  of  the  cubit  It  is  divided  into  two  portions,  of  which  the 
anterior  and  shorter  arises  from  the  internal  tuberosity  of  the 
humerus ;  the  posterior  and  longer  from  the  clavicular  extremi^ 
of  the  coracoid  bone.  In  the  Ostrich  and  Rhea,  however,  both 
portions  arise  from  the  coracoid.  The  posterior  muscle,  ^,  aendi 
down  a  long  and  thin  tendon  which  runs  parallel  with  the  hu- 
merus, and  is  inserted,  generally  by  a  bifurcate  extremity.  Into 
both  the  radius  and  ulna.  The  anterior  muscle,  a,  termioates  in 
a  small  tendon  which  runs  along  the  edge  of  the  a|x)neurotic  ex- 
pansion of  the  wing.  In  this  situation  it  becomes  elastic ;  it 
then  resumes  its  ordinary  tendinous  structure,  passes  over  th« 
end  of  the  radius,  and  is  inserted  into  the  short  confluent  meta- 
carpal, »•  It  combines  with  the  preceding  muscle  in  bending  tLe 
fore-arm;  and  further,  in  consequence  of  the  elasticity  of  it^ 
tendon,  puckers  up  the  soft  part  of  the  fold  of  the  wing. 

A  lesser  flexor  of  the  fore-arm,  and  stretcher  of  the  alar  mem- 
brane, ib.  81,  arises,  as  a  portion  of  the  semtus  magnus  fntm  the 
ribs,  and  terminates  in  an  aponeurosis  inserted  into  tlie  akr 
membrane  and  fascia  of  the  fore-arm;  it  is  reprcseuted  in  fig.  Z3 
as  turned  aside. 

The  extensor  metaearpi  radiaUs  lonyus,  ib.  32,  is  the  first 
muscle  which  detaches  itself  from  the  external  condyle  oi  the 
humerus,  £,  and  it  forms  the  radial  border  of  the  muscular  mai^ 
of  the  fore-arm ;  it  terminates  in  a  large  tendon  about  the  liikldle 
of  the  fore-arm,  and  this  tendon  passes  along  a  groove  of  the 
radius,  over  the  carpus,  to  the  phalanx  of  the  metacarpal,  Into 
the  radial  nutfgin  of  which  it  is  inserted.  It  raises  the  hand,  *  1  l  u  iv  ^ 
it  forward  toward  the  radial  margin  of  the  fore-arm,  and  retains 
it  in  the  same  plane.  In  the  Penguin  tliis  muscle  is  extremely 
feeble,  and  the  tendon  is  lost  in  that  of  the  tensor  pliac  alaris. 

The  extensor  metaearpi  rodialis  brevis,  ib.  33,  arises  below  the 
preceding  from  the  ulnar  edge  of  the  radius,  and  'm  inserted  'mu> 
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the  phalanx  of  the  thumb  immediately  beyond  the  tendon  of  the 
preceding  muscle.  The  two  tendons  are  quite  distinct  from  one 
another  in  the  birds  of  prey^  the  Ostrich  and  Parrots,  bat  nnite 
at  the  lower  end  of  the  fore-arm  in  the  Anatida,  Phoiiamda^  and 
GruidiB. 

The  extensor  carpi  ulnaris,  ib.  Mf  comes  off  from  the  inferior 
extremity  of  the  outer  condyle  of  the  humerus,  passes  along  the 
nuddle  of  the  exterior  surface  of  the  fore-arm,  and  its  tendon, 
after  passing  through  a  pulley  at  the  distal  end  of  the  ulna,  is 
inserted  into  the  ulnar  phalanx.  It  draws  the  hand  toward  the 
ulnar  edge  of  the  finre-arm,  aud  is  the  principal  abductor  or  folder 
of  the  pinion. 

The  fiexcT  metaearpi  ratUaHs,  ib.  ss,  is  a  short  and  weak 
muscle,  which  arises  from  the  inferior  part  of  the  uhm,  descends 
along  ^e  internal  side  of  that  bone,  winds  round  its  lower  extre- 
mity and  the  radial  edge  of  the  carpus,  passes  beneath  the  tendon 
of  the  radial  extensors,  and  is  inserted,  external  to  the  latter, 
high  up  into  the  dorsal  aspect  oi  the  radial  phalanx  of  the  metar 
carpus.  In  the  Ostrich  it  arises  from  the  lower  third  of  the 
ulna.   In  the  Penguin  it  is  wanting. 

The  jUxo/r  metaearpi  tdnaris,  ib.  as,  arises  beneath  ihe  fore- 
arm froon  the  tntemal  puUey  of  the  ulna,  continues  fleshy  to  the 
pinion,  and  is  inserted,  first  into  the  ulnar  carpal  bone,  then  into 
the  ulnar  phalanx.  The  latter  insertion  is  wanting  both  in  the 
Ostrich  and  Penguin. 

The  muscles  of  the  pinion  or  hand  are  few,  and  very  distinct 
from  one  another ;  the  index  or  spurious  wing  is  moved  by  four 
Hmall  muscles,  viz.  two  extensors,  an  abductor,  which  draws  the 
digit  forward,  and  an  adductor.  The  middle  digit  receives  three 
short  muscles,  two  of  which  are  extensors^  and  the  third  an 
abductor ;  in  this  action  it  is  aided  by  one  and  opposed  by  another 
of  the  extensors.  The  outer  digit  receives  an  abductor,  which 
comes  from  the  ulnar  edge  of  the  preceding  phalanx. 

§  134.  Muscles  of  the  Legs. — The  muscles  of  the  pelvic  limb  are 
here  described  chiefly  as  they  exist  in  the  Apteryx,  in  which  they 
present  their  full  developement.  The  most  superficial  of  the 
muscles  on  the  outer  side  of  the  leg  is  that  very  broad  one  which 
cx)mbinc8  tlir  functions  of  the  tensor  vaffin(e  and  rectus  JemoriSyhut 
which,  in  the  opinion  of  Cuvier'  and  Meckel,*  is  the  homologue 
of  the  tensor  vagiute  aud  ylutatus  maximus  {seu  externus):  since. 


*  xir.  tam.  i.  p.  502. 
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however.,  it  is  exclusively  iusertcd  into  the  leg,  it  is  here  described 
wall  the  other  iniiHcles  moving  that  segment  of  the  pelvic  ex- 
tremity. Tlie  reinoviil  of  this  muscle,  of  the  sartoriuSj  and  Uie 
bitcps  cruris,  is  recjiiisitc  to  liriiii;  into  view  the  true  glut(ti. 

GlutcEHs  fjtcriiHs^  is  smaller  than  the  middle  fflutcpiiSj  but  is 
relatively  larger  in  the  Apteri/x  than  in  birds  of  flight.  Jiesides 
its  origin  from  the  outside  of  the  pelvis,  it  overla})s  |iart  of  the 
fflutaus  medius,  and  has  its  insertion  into  the  femur  at  some 
distiinee  below  the  great  trochanter,  all  of  which  are  marked 
characteristics  of  the  ylutfBus  magnut.  It  takes  its  origin  from 
the  superior  margin  of  tbe  oo  mnommatimij  extends  along  an  inch 
and  a  quarter  of  that  margin,  directlj  above  the  bi]>joiut)  and  is 
chiefly  attacbed  hj  distuict  fibort  tendinoua  tbreads,  wbich  ran 
down  upoD  the  external  BurfiKse  of  the  muBcle :  it  fisea  also  by 
eameous  fibres  from  the  external  surface  of  the  os  innominatimi 
for  three  lines  below  the  superior  margin.  The  fibres  converge 
and  pass  into  a  ten^nous  sheet,  beginning  on  the  external  surface 
of  the  muscle  half-way  down  its  course,  wbich  ends  in  a  broad, 
fiat,  strong  tendon,  inserted  into  a  rising  on  the  outer  side  of  the 
femur  nearly  an  inch  below  the  great  troobanter.  It  abducts  and 
raises  the  femur. 

The  ghU<tm  mednu*  is  a  large,  triangular,  strong  and  thick 
muscle,  which  has  an  origin  of  three  inches*  extent  from  the 
rounded  anterior  and  superior  margin  of  the  ilium,  and  from  the 
contiguous  outer  sut^uje  of  the  bone  for  an  extent  varying  from 
an  inch  to  eight  lines*  Its  fibres  converge  to  a  strong,  short, 
broad  and  fiat  tendon,  implanted  in  the  external  depresdon  of  the 
great  trochanter,  having  a  bursa  mucosa  interposed  between  the 
tendon  and  the  bony  elevation  anterior  to  the  depression. 
.  Th»glut<Bu$  ntmtiRtt**  rises  below  and  internal  to  the  preceding 
muscle  from  the  anterior  and  inferior  extremity,  and  from  one 
inch  and  three-fourths  of  the  inferior  and  out^  margin  of  the 
ilium,  and  contiguous  external  surface,  as  far  as  the  origin  of 
the  glutaus  medhis ;  also  by  some  fleshy  fibres  from  the  outside 
of  the  last  rib.  These  fibres  slightly  converge  as  they  pass  back- 
ward to  terminate  in  a  broad  flat  tendon  which  bends  over  the 
outer  surface  of  the  femur,  to  be  inserted  into  the  elevation  ante- 
rior to  tlie  attachment  of  the  glutccus  magnus, 

A  muscle  *  which  may  be  regarded  either  as  a  distinct  accessory 
to,  or  a  strip  of,  the  preceding  one,  arises  immediately  behind  it 
from  half  an  inch  of  the  outer  and  inferior  part  of  the  ilium ;  its 

»  XI'.  TOl.  iii.  p.  290,      32,  A        '  lb-  pL  32,  a.       ■  Ih.  pi,  32, 0.     *  H*.  pi.  SJ,  D. 
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fil>re>  run  nearly  parallel  witli  tliosc  of  Hiq  (/lutaus  mfmmyx,  and 
tcniiiimte  in  a  thin  flat  tendon,  wliicli  similarly  bends  round  the 
outer  part  of*  the  femur,  to  be  inscrtrd  into  the  outer  an<1  under 
part  of  tJie  trochanter  innnediatcly  below  the  tendon  of  tlu'  (iliiftpus 
inedins,  Thig  muselc  and  the  precediiiCT  portion,  ov  ylutcLua  mini- 
mus, arc  •] escribed  by  Prof.  Mayer'  under  the  luimes  fjlut(cus 
fjifiihis  utid  (/lnf(euii  (/utntus,  in  the  Cassowary;  one  of  them  is 
absent  in  most  Birds. 

Use.  All  the  preceiiin-  muscles  combine  to  draw  the  femur 
forward,  and  to  abiliu  t  and  rotate  it  inward. 

Tlinrus  interims.  This  is  a  somewhat  short  tliick  nuiselc,  of  a 
parallel' LTammic  foriTi,  fleshy  tlir(»n<:hoiit ;  risin<r  from  the  tube- 
rosity oi  tiie  innomiiKLtiun  in  front  of  the  acetabulum  immediately 
below  the  tflutmis  unniwus,  and  inserted  at  a  point  corresponding 
to  the  inner  trochanter,  into  the  iimer  side  of  the  femur  near  the 
bead  of  tliat  bone,  which  it  thus  adducts  and  rotates  outwards. 
Tliis  muscle  is  present  botli  ifi  tlie  Ostrich  and  Bustard. 

Pi/ramffiah'x.  The  same  kind  of  modification  which  affects  the 
iltnrus  iiittriins,  viz.  the  displacement  f)f  its  origin  frotn  flie  inner 
surface  of  the  ilium  to  a  situation  nearly  external,  afit  cts  this 
muscle.  It  arises  tieshy  from  the  outer  surface  of  the  ischium  lor 
the  extent  of  an  inch,  and  convcrjrcs  to  a  broad  llat  tendon  which 
is  inserte<l  into  the  trarhffiiti  r  Jcmuris  opposite,  l)ut  close  to,  tlie 
tendon  of  the  ijluftcns  /////////!«#,  which  it  opposes,  abducting  and 
rotating  the  femur  outwards. 

fiildnrfitr  hrrvis  Jemoris'^  -avisqh  from  the  innominatum  Im- 
mcdiatrly  behind  the  acetabulum,  passes  over  the  back  part  of 
the  gri'at  trochanter,  becomes  ])artially  tendinous,  and  is  inserted 
into  tlie  back  part  of  the  femur  in  common  with  the  following 
nuiscle. 

The  ndditrtor  lonffus^  is  a  long,  broad  and  tliin  muscle,  sepa- 
rated from  the  preceding  by  the  ischiadic  nerve  and  artery.  The 
origin  of  this  muscle  extends  one  inch  and  a  quarter  from  near 
the  upper  margin  of  the  innominatum  which  is  behind  the  aceta- 
bulum; it  is  joined  by  the  preceding  .strip,  and  is  inserted  into 
the  whole  of  the  lower  two-thirds  of  the  back  part  of  the  femur. 

The  adductor  magnus*  is  a  broad  and  flat  muscle,  which  has 
an  extensive  origin  (two  inches)  from  the  outer  edge  of  the 
ischium  and  the  obturati^tr  fascia  ;  its  fibres  slightly  diverge  as  they 
pass  downward  to  be  inserted  into  the  back  part  of  the  lower 
half  of  the  femur,  and  into  the  upper  and  back  part  of  the  tibia. 

'  xzu'.  p.  la.  *  zr.  voL  ill  pL  32,  s.        '  Ib.pb.     39,  r. 

•  Ih.  pi.  8«k  a. 
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The  chdurabtr  iwUmus  arises  h^m  the  inner  aide  iht  oi)f«>- 
site  margins  cf  the  pnbia  and  ischitun,  where  they  ibna  the 
posterior  boundary  of  the  oHvrator  foramen,  and  from  the  com- 
sponding  part  of  the  ohturaiar  fascia ;  the  fleshy  fibres  conyeige 
in  a  slightly  pennifixrm  manner  to  the  strong  round  tendon  whidi 
glides  through  the  notch^  separated  from  the  rest  of  the  foramen 
by  a  shorty  strong,  transverse,  unossified  ligament,  and  is  inserted 
into  the  posterior  part  of  the  base  of  the  trochanter.  In  its  length 
and  rize  this  muscle  resembles  the  corresponding  one  in  the 
Ostrich  and  other  Struthious  birds. 

The  gemelhu  is  represented  by  a  single  smaU  fleshy  atrip 
arising  &om  the  margin  of  the  ^turator  foramen^  close  to  thie 
emergence  of  the  tendon  of  the  oHurator  intemus,  with  wlueb  it 
is  joined,  and  co-inserted  into  the  femur. 

The  quadratui  is  a  broad  fleshy  muscle  which  arises  inm  ihe 
pubis,  below  the  obturator  foramen,  and  which  increases  in  breadth 
to  be  inserted  into  the  femur  internal  and  posterior  to  the  obtu- 
rator tendon. 

Abductor  magnus,^  The  largest  and  most  remarkable  of  the 
musdes  which  act  upon  the  bones  of  the  leg  is  that  already 
alluded  to  as  the  most  superficial  of  those  on  the  outer  side  of  the 
thigh.  It  has  a  broad,  thin,  triangular  form,  and  arises  from  the 
spines  of  the  sacrum  by  a  strong  but  short  aponeurosis  which 
soon  becomes  fleshy ;  the  cameous  fibres  eouTerge  as  they  de- 
scend,^ and  pass  into  a  thin  aponeurosis  at  the  lower  third  of  the 
thigh:  this  is  closely  attadied  to  the  muscles  beneath  {vtufwt 
extemus  and  cruraue),  then  spreads  over  the  outer  and  anterior 
part  the  knee-joint,  is  inserted  into  the  pateUa,  and  into  the 
anterior  process  of  the  head  of  the  tiUa. 

Owing  to  the  great  antero>poeterior  extent  of  the  origin  of  this 
muscle,  its  anterior  fibres  are  calctdated  to  act  as  a  flexor,  its 
posterior  ones  as  an  extensor,  of  the  femur :  all  together  combine 
to  abduct  the  thigh  and  extend  the  leg,  unless  when  this  L»  in  a 
state  of  extreme  flexion,  when  a  few  of  the  posterior  fibres  glide 
behind  the  centre  of  motion  of  the  knee-joint. 

Sartorius.*    The  origin  of  this  muscle  is  characterised  by  an 

'  xr.  vol.  iii.  pi.  ni,  Tt. 

•  Thf-y  are  not  ilividcd  into  a  superficial  and  decji  layi  r.  as  in  the  Ostrirli,  Sut 
form  a  Bimplti  siriiiuui,  as  in  the  Cottsowarjr.  Meckel  regturdtt  thu  rectu*  jtmmrtM  »a 
eatirelj  wsntiag  in  the  Caitowsry,  soppociiifl^  with  CoTier*  Um  preteot  amtcie  to  he 
the  analogue  of  the  gluttnu  maximtu  and  tensor  vaginte  united.  lie  sajs  that  Ptx>f<es- 
90T  NilJisch  ob^iTvcd  u  like  al'^cncc  of  tlio  rectus  ffintyris  in  the  Emcti,  CaTMT  oUli 
that  muscle  rectus  anttcus JemurtSt  which  is  here  described  as  the  'pectmeut,' 

*  zi*.  ml.  uL  p1«.  31  tn4  85,  t. 
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unusual  cxtenBion,  like  that  of  the  preceding,  with  wWch  it  is 
tK»tciiorly  continuoOB:  it  comes  off  aponeurotic,  from  the  anterior 
uid  superior  margin  or  labrum  of  the  ilium ;  the  iibrcs  soon 
iMSCome  fleshy.and  the  muscle  diminishes  in  breathh  and  im  reuses 
in  tJiickness  as  it  descends;  it  is  inserted  by  Bliort  and  stnmg 
tendinous  fihunents  obfiquely  into  the  anterior  part  oi  the  tendon 
of  the  broad  rectus,  and  into  the  anterior  and  inner  part  of  the 
head  of  the  tibia.  Its  insertion  is  partly  covered  l>y  the  interna 
head  of  the  f/aUroenemius.    It  benda  and  adducts  the  thigh,  and 

extends  the  leg.  .  .  .  , 

The  hoxnologlie  of  the  biceps  pxor  cruri&^  is  a  umnpilal 
muscle,  corresponding  with  the  abductor  magnv<^,  by  the  removal 
of  which  it  is  exposed,  in  the  cliaractcristie  modification  of  its 
extended  origin,  in  relation  to  the  great  antero-posterior  deN  ehipe- 
mcntof  the  pelvic  bones.    Orig,  By  a  broad  and  thin  aponenrotic 
tendon,  which  at  first  is  confluent  with  that  of  the  nhdncfor,  l.nt 
floon  becomes  distinct,  from  the  posterior  prolongation  ol*  the 
ilium:  there  is  no  second  head  from  tlie  femur.    Tm.  The  tieFhy 
fibres  converge  as  they  descend  along  the  back  and  outer  i)art  of 
the  thigh,  and  finally  terminate  in  a  strong  round  tendon,  wliich 
glides  through  a  loop  formed,  as  in  the  common  Fowl,  Ostrich, 
&c,  by  a  ligament  extended  from  the  back  of  the  outer  conclyle 
of  the  femur  to  the  head  of  the  tibia,  and  is  inserted  into  the 
process  on  the  ontside  of  the  fibula.    By  means  of  the  loop  llie 
weight  of  the  hinder  parts  of  the  body  is  partially  transferred, 
when  the  leg  is  bent,  to  the  distal  end  of  the  femur ;  and  the 
biceps  is  enabled,  by  the  same  beautiful  and  simple  mechanism, 
to  effect  a  more  rapid  and  extensive  inflection  of  the  leg  than  it 
otherwise  could  have  produced  by  the  simple  contraction  of  its 

The  iemim^mbranoMUs^  arises  from  the  side  of  the  caudal 
yertebro,  and  from  the  posterior  end  of  the  ischium ;  it  crosses 
the  superficial  or  internal  side  of  the  semitendimtw*  It  is  in- 
serted into  the  fsscia  covering  the  gastrocnemius  and  the  inside 
of  tiie  tibia:  through  the  medium  of  the  fascia  it  acts  upon  the 
tendon  of  the  internal  goBtrocnemius, 

The  semitendinoius*  arises  from  the  posterior  and  outer  part 
of  the  sacrum  and  the  aponeurosis  connecting  it  with  the  ischium : 
it  is  a  flattened  triangular  muscle,  which  receives  the  square 
acceuariw  muscle  from  the  lower  and  posterior  part  of  the  femur. 
It  gradually  diminishes  as  it  descends,  and  having  passed  the 

•  M\  ?ol.  liL  pit.  31,  S2,  a.  »  lb.  pb.  89, 35,  l.         •  lb.  pU.  32, 3.%  m. 
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knee-joint,  sends  off  at  right  angles  a  brood  and  square  sheet  of 
aponeurosis,  which  glides  between  the  two  origins  of  the  goMtro^ 
enemius  iniemug,  and  is  inserted  into  the  lower  ])art  of  the  angular 
ridge  continued  firom  the  inside  of  the  head  of  the  tibia.  The 
terminal  tendon^  continued  from  the  apex  of  the  muscle,  then 
runs  along  the  outer  or  fibular  margin  of  the  internal  head  of  the 
gtutroenemius,  and  becomes  confluent  with  the  tendon  of  that 
muscle. 

The  erur<BU9^  is  a  simple  but  strong  muscle:  it  commences  at 
the  upper  and  anterior  part  of  the  thigh  by  two  eztremitiesy  of 

which  the  outer  and  upper  one,  representuig  the  vastus  extemut, 
has  its  origin  extended  to  the  base  of  the  trochanter ;  the  inner 
and  inferior  comes  oil'  from  the  inner  side  of  the  femur,  hciieatli 
the  insertion  of  the  glutaui  magnus ;  the  two  portions  blend  into 
one  muscle  much  earlier  than  in  the  Ostrich.  It  is  inserted  by 
the  ligamentum  patell»  into  the  fore-part  of  the  head  of  the 
tibia. 

The  gracilis'^  lies  on  the  inner  side  of  the  crurauSf  but  more 
superficially  ;  it  rises  by  two  heads,  one  from  the  anterior  and 
upper  part  of  the  femur,  the  other  from  the  os  \mh]^  ;  both  soon 
become  blended  together  and  transmit  a  Inoad  thin  tendon  to  be 
inserted  into  the  lower  and  lateral  part  of  the  patella  with  the 
erurteus. 

Two  other  nniscles  succeed  the  preceding,  and  rise  beneatli  it 
from  the  inner  and  anterior  part  of  tlie  lemur ;  they  have  a 
similar  insertion,  and  obviously  represent  the  vastus  {ntrmns^ 
The  fibres  couverLri^  to  a  middle  aponeurosis,  which  increases  to  a 
strong  short  tendon^  inserted  into  the  upper  and  anterior  projec- 
tion of  the  tibia. 

Popltfpva.  This  small  muscle  is  brought  into  view  when  the 
superiieial  mutjclcs  of  the  leg  which  are  inserted  into  tlie  foot  are 
removed.  Its  carneous  fibres  extend  from  the  filiuia  inward  and 
dttwnward  to  the  tibia.  It  is  of  relatively  smaller  extent  than  in 
the  Caiijsuwary. 

Gastror7fr/n/t/s.  This  eoinjdex  and  powerl'ul  muscle  consists, 
as  in  otlier  Birds,  of  several  distinct  pt)rtIons,  the  chief  of  which 
correspond  witli  the  external  and  internal  origins  of  the  same 
muscle  in  INIammals.  The  (jastroaiemius  cxternus*  arises  by  a 
strong,  narrow,  rather  flattened  tendon  from  the  ridge  above  the 
external  condyle  of  the  femur,  which,  about  an  inch  below  its 

■  XI*.  vol.  iii.  pl&  32,  3d,  a  *  Ik  pi.  35,  P.  '  lb.  pi.  3d,  Q. 
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origin,  becomes  firmly  attached  to  the  strong  ligamentouB  loop 
attached  by  one  end  to  the  femur  abore  the  preceding  tendon^ 
and  by  the  other  to  the  outer  ridge  of  the  fibula.  This  trochlear 
loop  is  lined  by  synovial  membrane^  and  supports  the  tendon  of 
the  biceps  cruris,  which  glides  through  it  The  cameous  fibres 
of  the  external  gastrocnemius  eome  off  from  the  outer  side  of  the 
tendon^  and  from  the  fascia  covering  the  outer  surface  of  the 
muscles  of  the  leg :  they  are  continued  in  a  s<Hnewhat  penniform 
arrangement  two-thirds  down  the  leg,  upon  the  inner  surface  of 
the  muscle,  where  they  end  in  a  strong  subeompressed  tendon. 
This  joins  its  fellow-tendon,  from  the  internal  gastrocnemius, 
behind  the  ankle-joint,  and  both  expand  into  a  thick,  strong  liga- 
mentous aponeurosis,  which  extends  over  three-fourths  of  the 
posterior  part  of  the  tarso-metatarsal  bone.  The  lateral  margins 
of  this  fascin  arc  bent  down  under  the  flexor  tendons  behind  the 
joint,  and  become  continuous  with  a  strong  ligamentous  layer 
gliding  upon  the  iK>8terior  surface  of  the  distal  condyles  of  the 
tibia,  and  attached  to  the  tendons  of  the  pcroneus  and  tibialis 
anticus :  the  conjunction  of  the  thickened  tendons  of  the  gastro- 
cnemii  with  this  deeper-seated  layer  of  ligamento-tendinous  sub- 
stance constitutes  a  trochlear  sheath  lined  by  synovial  nicniljrane, 
through  which  the  flexor  tendons  of  the  toes  glide.  The  synovial 
membrane  of  the  ankle-joint  is  continued  upward,  half  an  inch 
above  the  articular  surface  of  the  bono,  between  it  and  the  fibro- 
cartilaginous pulley.  lielow  the  joint  the  margins  are  inserted 
into  the  lateral  ridges  of  the  tarso-metatarsal  bone,  becoming 
gradually  thinner  as  they  descend,  and  ending  below  in  a  thiu 
semilunar  edge  directed  downward. 

The  gastrocnemius  internus  '  has  two  powerful  heads,  one  from 
tlic  femur,  the  other  from  the  tibia;  the  first  arises  fleshy  from 
the  internal  condyle  of  the  femur,  expands  as  it  descends,  und 
receives  additional  fibres  from  the  lower  edge  of  tlic  nrressorins 
seniitehflinosi.  About  one-fifth  down  the  tibia  this  iimscular  oriiiiii 
in  tlie  v'l'^ht  termiiiatcti  in  a  flat  toned  tendon  which  became 
iiiuu  lit'd  to  tlie  inner  ^ide  uf  the  tibial  [)ortion  of  the  (/tisfrornemius 
intrrnus.  The  second  head,  which  is  scparakd  from  the  pre- 
ceding by  the  innertion  of  tlie  .snNitchdiuosuSy  arises  partly  from 
the  internal  and  ainerior  part  of  the  strong  fiiscin  of  tlie  knee- 
joint  by  short  tCTidinous  fibres,  which  almo*Jt  innnrdiately  become 
tli^sby,  and  [faiily  from  a  well-ilcfincd  triangnlai'  Mul'aee  on  the 
Itiiicr  and  anterior  aspect  of  the  head  of  tiic  tibia :  the  flcbhy  fihroA 
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converge,  receive  the  tendinous  slip  from  the  femoral  portion,  and 
end  on  the  inner  side  of  the  mnscle  ill  a  strong  flattened  tendon, 
about  two-thirds  down  the  leg ;  this  joins  llie  tendon  of  the  ga»» 
trocnemius  exiemus  and  is  inserted  as  dercribed  above. 

The  »oleuM^  is  a  slender  flattened  muscle 
posterior  part  of  the  head  of  the  tibia,  the  tendon  of  which  joins 
that  of  the  ffostroenemiuB  intemut^  behind  the  tarsal  joint* 

The  Jlex&r  perfarans  digitorwn*  lies  immediately  anterior  to 
the  external  ffosiroenemius ;  it  arises  fleshy  from  the  onter  con« 
dyle  of  the  femur,  below  the  tendinous  origin  of  that  muscle,  and 
terminates  in  a  slender  flat  tendon  half-way  down  the  leg.  Its 
tendon,  fig.  35,  5i,  glides  behind  the  tarsal  joint  through  the 
sheath  of  the  pastroenemius,  expands  beneatb  the  metatarsus  and 
bifurcates,  sending  its  smallest  ^vision  to  the  inner  toe,  ib.  9t,  and 
its  larger  one  to  blend  with  the  tendon  of  the  pertmeus  medius. 

Flexor  perforatus  of  the  outer  toe.'  This  arises  by  very  short 
tendons  from  the  proximal  end  of  the  fibula,  and  from  the  liga- 
ment forming  the  bicipital  pulley ;  it  continues  to  derive  a  thin 
stratum  of  fleshy  fibres  from  the  fssda  covering  the  anterior  sur* 
face  of  the  muscles  of  the  leg;  the  fleshy  fibres  terminate  half^ 
way  down  the  1^  in  a  flattened  tendon,  which,  aiW  entering  the 
gastroonemial  sheath,  pierces  the  tendon  of  the  first  perforatus  of 
the  middle  toe,  then  runs  forward  to  the  outer  toe,  expands  into  a 
thick  ligamentous  substance  beneath  the  proximal  phalanx,  and 
sends  off  two  tendinous  attachments  on  each  side,  one  to  the 
proximal,  the  other  to  the  second  phalanx,  and  is  continued  to  be 
finally  inserted  into  both  sides  of  the  third  phalanx. 

Flexor  perforatus  diffitorum*  lA  the  strongest  of  the  three;  it 
arises  fleshy  £rom  the  posterior  part  of  the  distal  extremity  of  the 
feiniir,  above  the  external  condyle,  and  also  by  a  distinct  flattened 
tendon,  one  inch  in  length,  from  the  proximal  end  of  the  tibia, 
fig.  35,  50 :  this  tendon,  moreover,  receives  the  long  slender 
tendon,  ib.  4i,  sent  oflT  obliquely  across  the  front  of  the  knee- 
joint  from  the  peetineuSf  by  which  its  origin  is  extended  to  the 
pelvis.  This  accessory  tendon  perforates  the  inner  fleshy  surface 
of  the  muscle,  and  is  finally  lost  about  half-way  down  tbe  car- 
neous  part.  Before  the  Jlexar  perforatu*  is  joined  by  the  tendon 
of  the  pectineus,  it  subdivides  posteriorly  into  four  muscular 
fasciculi.  The  anterior  division  receives  principally  the  above 
tendon,  and  this  division  of  the  muscle  becomes  wholly  tendinous 
two-thirds  down  the  leg ;  its  tendon  passes  through  the  posterior 

•  XI*.  rol.  lit  pi.  S$,  B,  '  lb.  pig.  31,  32,  35,  1.         •  Jb»  pb.81,  82,  95,  S. 
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part  of  tlie  pulley  of  the  gastrocnemius,  and  expands  as  it  passes 
along  the  metatarsus:  a  thick  ligamentous  substance  is  deye- 
loped  in  it  opposite  the  joint  of  the  proximal  phalanx  of  the  second 
toe,  into  the  sides  of  which  it  is  inserted,  dividing  for  that  pur- 
jx)se,  and  giving  passage  to  the  two  other  flexor  tendons  of  that 
toe.  The  second  portion  of  the  present  muscle  terminates  in  a 
tendon  situated  behind  the  preceding,  which  passes  through  a 
distinct  sheath  behind  the  tarsal  joint,  expands  into  a  sesamoid 
fibro-cartilage  beneath  the  corresponding  expansion  of  the  previ<Mi3 
tendon,  which  it  perforates,  and  then  becomes  itself  the  perforated 
tendon  of  the  second  ])halanx  of  the  second  toe,  in  the  sides  of 
whicli  it  is  inserted.  The  third  portion  of  this  muscle  ends  in  a 
somewhat  smaller  tendon  tlian  the  precediiif^j,  which  forms  the 
second  jterforatua  Jicxor  uf  the  third  or  middle  toe.  Tlie  fourth 
and  most  posterior  portion  soon  becomes  a  distinct  muscle ;  its 
fleshy  fibres  cea«e  on  the  inner  side,  one-fourth  down  the  leg,  but 
on  the  outside  they  are  continued  throe-fourths  down  the  leg ;  its 
tendon  passes  thronfrh  the  gastrocnemial  pulley  behind  the  ankle- 
joint,  and  dis  uk'.-  to  lurm  a  sheatli  for  the  jivxor  ]>t  rjurntns  oi  the 
fourtli  toe;  it  is  then  joined  by  tlic  tendon  of  the  jirroinus^  which 
|msses  through  a  pulley  across  the  external  malleolus,  and  finally 
becoMJc>  the  perforated  tendon  of  the  first  phalanx  of  the  middle 
or  third  toe. 

PtrtiHtns  (rrrtii<i  oiif/nts  femoris  o{  Cuvier'  and  Meckel'). — 
Tills  if  a  lon  j  ,  tlmi,  narrow  strip  of  muscle  arising  from  tlie  spine 
of  the  ]>uijij5,  anterior  to  the  acetabulum,  and  jiassinL''  straight 
tlown  tlic  inner  side  of  the  thigh;  it  degenerates  uuo  a  small 
round  tendon  near  the  knee,  which  tendou,  fig.  3o,  4i,  traverses 
a  pulley,  formed  by  an  oblique  jierfuration  in  the  ftrong  rotular 
temlon  of  the  extensors  r)f  the  leg,  and  thus  ])assing  across  the 
knee-joint  to  tin  uiiter  side  of  the  leg,  finally  expands,  and  is  lost 
in  \\\Q  Jiexor  prrj\)rntiis  dit/ttoniin  last  described.  Tt  is  this  muscle 
which  causes  the  toes  to  be  bent  when  the  knee  is  bent,  as  in  the 
act  of  perching. 

Perovnif  lonr/us  ^  arises,  tendinous  from  the  heacl  of  the  tibin, 
and  by  carjicous  fibres  from  tlie  u[>|i"  i  half  of  the  anterior  margin 
of  the*  tibia;  these  fil)res  pass  obli«jin  ly  to  a  marginal  tendon, 
which  bccomed  »trongcr  antl  of  a  rimnded  form  where  it  leaves 
the  muJ'cle.  The  tendon  n:ivea  off  a  broad,  thin,  aponeurotic 
sheath  to  be  inserted  into  the  capsule  of  the  tarsal  joint ;  it  id 
then  continued  through  a  synovial  pulley  on  the  side  of  the  outer 

•  aui .  p,  523.  *  X1.V1-.  til.  iii.  p.  365.  ■  XI*.  vol.  iii.  pU.  32,  35,  7. 
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malleolus,  and  is  finally  inserted  or  continued  into  the  perforatecl 
tendon  of  tiie  middle  toe. 

The  tUnalU  aniieus,  ^  fig.  35, 48,  is  overlapped  and  concealed 

by  the  pcroneus;  it  anses  partly  in  common  with  that  muscle^ 
and  partly  by  se])aratc  ^hort  tendinous  threads  from  the  outer 
part  of  the  head  of  the  tibia  ;  it  gradually  becomes  narrovrer,  and 
finally  tendinous  two-thirds  of  the  way  dt)\yn  the  leg;  its  strong 
tendon  glides  through  the  oblique  pulley^  in  front  of  the  distal 
end  of  the  tibia,  expands  as  it  passes  over  the  ankle-joint,  and  is 
Inserted  into  the  anterior  part  of  the  proximal  end  of  the  tarso* 
metatarsal  bone,  sending  off  a  small  tendinous  slip  to  the  aponeu* 
rosis  covering  the  extensor  tendons  of  the  toes,  and  a  strong 
tendon  which  joins  the  fibular  side  of  the  tendon  of  the  following 
muscle. 

Extensor  longus  digitorumJ^  This  lies  Ijctwocn  the  tibialis 
(tnticus  and  the  front  and  outer  facet  of  the  tibia,  from  which  it 
deriyes  an  extensive  origin;  its  tendon  commences  half-way  down 
the  leg,  nms  along  the  anterior  part  of  the  bone,  first  under  the 
broad  ligamentous  band  representing  the  anterior  part  of  the 
annular  ligament,  then  through  a  ligamentous  pulley,  and  inclines 
to  the  inner  or  tibial  side  of  the  anterior  surface  of  the  metatarsal 
bone,  where  it  expands  and  dirides  into  three  tendons.  Of  these 
the  innermost  is  given  o\\  fir.st,  and  siibdiyidcs  into  two  tendon?, 
one  of  w^hich  goes  to  be  inserted  into  tlie  bane  of  the  In-^t  j»halanx 
of  the  second  toe;  the  other  portion  is  ]>rincipally  inserted  into 
the  middle  toe,  but  also  <^(mi(1s  oil"  a  small  tendon  to  the  inner  .side 
of  the  proximal  phalanx  ol'  the  second  toe.  The  second  tendon 
is  inserted  l)y  distinct  f»ortions  into  the  second,  fliird,  nnd  last 
phalanges  ofthe  niidille  toe.  The  tiiii  J  uiulon  supplies  theouler  toe. 

The  c.i/t  nst>r  hrcvis  diyitortiin  '  i-  i  -tniill  extensor  muscle  which 
arises  from  the  insertion  of  the  lihialis  (inficiis  and  aends  its  tendon 
to  the  outer  side  of  that  of  the  ;:;reat  fxtrtisor  (Hz/i/orum. 

Extensor  /xillir/s  bn  n's,^  This  extensor  (jI"  the  small  innermost 
toe  arises  lioni  the  upper  and  inner  side  of  the  tarso-metatarsal 
bone. 

Pcroneus  meditiSf  C'uv.,  Accessorius  Jle.xoris  diyitornm,  Vicq. 
d'Azyr.^  This  strong  penniform  muscle  arises  fleshy  frctm  nearly 
the  whole  of  the  outer  surface  of  the  hbula,  also  from  the  posterior 
part  of  the  tibia  and  the  inierosseous  space;  the  tendon  of  the 
biceps  perforates  its  upper  part  in  passing  to  its  insertion.  It 

<  XV.  vol.  iii.  |>l«.  32,  35,  8.       *  ThiB  m  onified  in  most  Birds.      *  lb.  pL  35,  9. 
*  lb.  pL  35,  10.         *  lb.  pi.  35,  1  J.  *  Zbb  pb.  82,  85,  IS. 
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eiuls  in  a  strong  flat  tendon  at  the  lower  third  of  the  leg,  which 
tendon  runs  through  a  particular  sheath  at  the  back  part  of  the 
tar«nl  pulley,  becomes  thickened  and  cxpaudcil  as  it  advances 
fnrwurd-s  beneath  the  tarsus,  joins  the  tendon  of  the  Jiexor  pcrfih- 
ratiis,  and  forms  with  it  the  expansion  wliich  finally  divides  into 
three  strong  perforating  tcnduas,  which  bend  the  last  joints  of  the 
three  long  toes. 

In  the  outer,  or  fourth  toe,  both  the  perforans  and  pirjoratns 
tendons  are  confined  by  a  donble  annular  ligament;  the  exterior 
one  being  continued  from  the  adjt)ining  toe,  the  ijnier  and  .stronger 
one  from  the  sides  of  the  proximal  phalanx  of  the  outer  toe.  The 
second  ami  third  toes  liave  two  ])erforated  tendons;  one  inserted 
into  the  sides  of  tlie  first,  and  the  other  into  the  sides  of  the  second 
phalanx. 

n  iir  cliict  nioiliriralion  of  theskeletctn  of  the  hind  liuib  of  liinls, 
in  resjH ct  of  tizc  and  proportion,  is  manifested  in  its  central 
segment  ;  the  ossa  innoniinata  beinir  anomalously  expanded  in 
order  to  include,  as  it  were,  in  their  grasp  the  whole  of  the  very 
long  sacrum  required  for  the  supjmrt  of  the  horizontal  trunk 
upon  a  single  pair  of  extreuiities.  The  jirinclpal  modification  of 
tl»e  nuiscleH^  of  the  lejj  attached  to  the  ossa  innomiuata  mijrht 
be  cxpeeted,  therefore,  to  be  found  in  their  origins.  In  the  at- 
taelnnent  of  the  fibres  of  a  superficial  muscle  to  the  aponeurosis, 
coniimuMl  Iroin  the  outer  part  oi'  the  thigh,  over  the  knee-joint,  to 
the  head  (»f  the  tibia,  we  recognise  the  corresponding  insertion  of 
the  teftsiir  ruiihur  frninri.<  of  Man  and  Mammals;  and  no  Com- 
parntive  Anatonust  ajipears  to  have  thought  the  anomalous  de- 
velupeinent  and  extensive  origin  of  this  muscle,  in  IJirds,  tn  be 
any  obje<Mioii  lu  the  homology  indi<"ate<l  l»y  its  inserti<tn,  which  is 
the  attachment  that  mainly  governs  the  function  of  a  mu«rle. 
Now  besides  the  att;i<  hment  to  the  femoral  fascia,  we  find  this 
broatl  superficial  muscle,  and  especially  its  middle  and  jM^^terior 
fibres,  terminating  in  a  strong  tendon,  implanteil  into  tiie  u[tper 
part  of  the  patella,  and  re<'eiving  fibres  iVom  the  mira  iis  and  rftsti 
nuj.x-les  wlucii  It  irnniediately  covers,  anil  with  which  it  concurs  in 
C' 'ii-titnting  a  fiuatirirppx  exfmmr  of  the  leg.  Here,  therefore, 
we  perceive  the  normal  insertion,  the  normal  function,  and  the 
true  relativi'  po>iiion  of  the  rectus  femoris.  Tn  callinir  this 
complex  run  '  !••  ^  aljtluctnr  maffnitf^^  it  i«?  to  be  understood  as 
irwhidlng  the  huniologues  of  the  tensor  vuyin<E  Jcmoris  and  rectus 
fi  iiinrls  in  Mammals, 

§  \'-\'}.  Hfrt.frfrs  iif  tltr  Skift. — Tn  the  Ajitrrifx  the  cutaneous 
system  of  muscles  presents  a  distinct  and  extensive  devcloi>emcnt 
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connected  with  the  pecnllar  thickness  of  the  integument,  ami 
probably  with  the  burrowing  habits  of  this  species,  which  therdbjr 
poBBesses  the  power  of  ahalriiig  off  the  loose  earth  from  Its  plan- 
age,  while  busy  in  the  act  of  excaysting  ita  chamber  of  letieat 
and  nidification. 

The  whole  of  the  neck  is  gmronnded  bj  a  ihin  stratum  of 
muscular  fibres,  camtricUir  eol/iV  directed  for  the  moet  part 
transrerselj,  and  extending  from  an  attachment  along  the  median 
Hne  of  the  skin  at  the  back  of  the  neck,  to  a  parallel  ropAe  on  the 
median  line  of  the  of^poaite  side :  this  muscle  is  strongest  at  ita 
commencement  or  anterior  part,  where  the  fibres  take  their  origin 
in  a  broad  fascicolos  from  the  outer  part  of  the  occipital  lidge; 
these  run  obliqudy  downward  and  forward  on  each  side  of  the 
neck,  but  are  continued  uninterruptedly  with  those  aiiom^  horn 
the  dorsal  line  of  the  skin  above  mentioned;  the  direction  of  the 
fibres  insensibly  changing  from  the  obUque  to  the  transvene. 
The  outer  suifbce  of  this  muscle  is  attached  to  the  integument  by 
a  thin  and  dense  layer  of  ceUular  tissue,  'devoid  of  fat ;  the  under 
surface  is  more  loosely  conneeted  with  the  subjacent  parts  fay  a 
more  abundant  and  finer  cellular  tissue. 

Uw*  To  brace  the  cervical  integument,  nuse  the  neck  featiken, 
and  in  combination  with  the  following  muscle  to  shake  these 
parts.  This  muscle  is  well  developed  in  the  emeu,  and  acta  when 
the  drum-like  dilatation  of  the  windpipe  is  sounded. 

The  Mtemo-^ervicaUt*  arises  fleshy  firom  the  posterior  inclined 
angular  process  of  the  sternum,  from  the  ensiform  probagation 
and  midde  line  of  the  outer  and  posterior  suiface  of  the  same 
bone.  The  fibres  pass  forward,  and,  diveiging  in  gently  curved 
lines,  ascend  upon  tiie  sides  of  the  broad  base  of  the  neck,  and  are 
inserted  by  a  thin  but  strong  frscia  into  the  median  line  of  the 
dorsal  integument.  This  muscle  is  a  line  in  thickness  at  its 
origin,  but  becomes  thinner  aa  it  expands ;  the  anterior  part  is 
covered  by  the  posterior  fibres  of  the  constrictor  eollu 

Use,  To  retract  the  sldn  of  the  neck,  and  brace  that  portiofi 
which  covers  the  base  of  the  neck ;  when  these  are  the  fixed 
points,  it  will  depress  and  protract  the  sternum,  and  thus  aid  in 
inspiration. 

Ohs*  In  its  position  and  the  general  course  of  the  fibres,  diis 
mnsde  is  analogous  to  that  which  supports  and  assists  in  empty- 
ing the  crop  in  the  common  fowl;  but  the  oesophagus  presents  no 
partial  dilatation  in  the  Apterj^, 

*  M\  vol  iii  pU  SI.  34»  a.  *  lb.  pL  SI,  h. 
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The  Uerno-maxillaris  ^  appears  at  first  view  to  be  the  anterior 
oontinuatton  of  the  preceding,  bot  is  sufficiently  distinct  to  merit 
a  separate  description  and  name.  It  arises  fleshy  from  the 
anterior  part  of  ^e  middle  Une  of  the  sternum,  passes  directly 
forward  along  the  under  or  anterior  part  of  the  neck,  expanding 
as  it  proceeds,  and  gradually  separates  into  two  thin  symmetrical 
fasciculi,  which  are  insensibly  lost  in  the  integument  covering  the 
throat  and  the  angle  of  the  jaw.  It  adheres  pretty  closely  to  the 
central  surface  of  the  constrietor  colli,  along  which  it  passes  to  its 
insertion.  It  retracts  the  fore-part  of  the  skin  of  the  neck,  and 
also  the  head.  Each  lateral  portion  acting  alone  would  incline 
the  head  to  its  own  side :  the  whole  muscle  in  action  would  bend 
the  neck ;  but  the  movements  of  the  head  and  neck  are  more 
adequately  and  inunediatcly  provided  for  by  the  appropriate 
deeper-seated  muscles,  and  the  immediate  office  of  the  present 
muscle  is  obyioosly  connected  with  the  skin.  Neyeriheless,  in  so 
&r  aa  this  muscle  acta  upon  the  head,  it  produces  the  same  move- 
ments as  the  stenuMnoMioideui  in  Mammalia. 

The  skin  coyering  the  dorsal  aspect  of  the  lower  two-thirds  of 
the  neck,  besides  being  acted  upon  by  the  eanstrictor  coili,  is 
braced  down  by  a  thin  stratum  of  oblique  and  somewhat  scattered 
fibres,  dermo-^ansversalis,*  which  take  their  origins  by  ftecias 
attached  to  the  inferior  transverse  processes  of  the  sixth  to  the 
twelfUi  oervkal  vertebrsa  inclusive;  the  fibres  pass  obliquely 
upward  and  backward,  and  are  inserted  by  a  thin  fasda  into  the 
median  line  of  the  skin,  covering  Ihe  back  of  the  neck. 

The  representative  of  the  phttysma  mymdeg*  is  a  thin  trian- 
gular layer  of  muscular  fibres,  taking  their  origin  from  the  outer 
side  of  the  ramus  of  the  jaw,  and  diverging  ae  they  descend  to 
apread  over  the  throat,  and  meeting  their  fellows  at  a  middle 
raphe  of  insertion  beneath  the  upper  larynx  and  beginning  of 
the  trachea,  which  they  thus  serve  to  compress  and  sui^rt 

The  dermthtpinaUs  arises  by  a  thin  fiiscia  firom  the  ends  of  the 
epinooa  processes  of  the  three  anterior  dorsal  vertebras.  The 
fibres  slightly  converge  to  be  attached  to  the  integument  covering 
the  scapular  region. 

The  dermo-iiiaeuM  arises  fleshy  firom  the  anterior  margin  of 
the  ilium.  The  fibres  pass  forward  and  slightly  converge  to  be 
inserted  into  the  scapular  integument. 

The  dermo'cattalis  is  a  muscle  resembling  the  preceding  in 
form.   It  arises  fleshy,  from  the  costal  appendages  of  the  seventh 

*  xS.'V0LiiL  pL34,«.  *  lb.  pi  S4^  ftf.  1,  <i  Mb.  pi  31.  tf. 
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wad  eighth  ribs.  The  fibres  pass  forward  and  join  those  of  the 
prece^g  muscle,  to  be  inserted  into  the  scapular  integument. 

Tlie  three  preceding  muscles  are  broad  and  thin,  but  well- 
defined;  thej  would  ap[>car  to  influence  the  movements  of  the 
rudimentary  spur-armed  wing  through  the  medium  of  the  integu- 
ment, as  powerfully  as  do  the  rudimental  representatives  of  the 
true  muscles  of  that  eitremity. 

Tliere  are  also  two  imiscles  belonging  to  the  cutaneous  series, 
and  inserted  directly  into  the  bones  of  the  wing.  One  of  these, 
the  dermo-ulnariSf  is  a  small,  slender,  elongated  muscle,  which 
takes  its  origin  from  the  fascia  beneath  the  dermo'co$talis ;  its 
fibres  pass  backward,  and  converge  to  terminate  in  a  very  slender 
tendon  which  expands  into  a  fascia,  covering  the  back  part  of  the 
elbow-joint.    It  extends  the  elbow-joint  and  raises  the  wing. 

The  dermo-humeralis  is  also  a  long  and  narrow  strip,  deriving 
its  origin  from  scattered  tendinous  threads  in  the  subrutanemis 
cellular  tissue  of  the  abdomen  :  it  pasgcs  uj)wan],  outward  and 
forward,  and  is  inserted  fleshy  into  the  proximal  part  of  the 
humerus,  wliieli  it  ^-ervcs  to  dejjrcss. 

The  cutaneous  muscles  wliieli  s])read  the  plumes  of  the  ponciH^k 
nnd  raise  the  hackies  of  the  cock  are  unusually  developed  in  these 
birds. 

§  136.  Locomotion  of  Birds, — Upon  land,  the  trunk  is  ba- 
laucud  horizontally  on  an  axis  tniversing  the  acetabula  perpen- 
dicularly to  the  plane  of  the  medial  section.  The  centre  of 
gravity  is  brought  within  the  base  of  support  by  the  advanced 
I>osition  of  the  thigh-joints  in  the  pelvis,  and  by  the  transference 
of  the  weight  from  the  femoral  heads  by  the  shafts  inclininfx  for- 
ward to  the  heads  of  the  tibije.  The  area  of  the  base  oi  suppf)rt 
is  adjusted  to  the  Fame  end  by  the  anterior  extension  and  diver- 
gence of  tlic  three  longest  toe.-.  On  this  base  the  stilt-like  leg 
of  the  crane,  rising  like  a  straight  slender  column  to  the  ca}>ital 
formed  by  the  head  of  the  tibia,  is  Cii])al)le,  by  an  outward  as 
well  as  backwarfl  course  of  the  femur  to  its  joint-cup,  of  sus- 
taining the  bini^  singly :  the  neck  of  the  bird  being  so  bent,  and 
the  head  so  disposed,  as  to  throw  the  centre  of  gravity  over  the 
vertical  line  passing  through  the  base  of  support.  Thus  sleep 
the  Grallcr  and  allied  Palmipeds  (  Flamingos,  Auserines),  adjusting 
by  reflex  action  the  superincumbent  weight  as  they  may  be 
swayed  by  the  wind  on  the  long  and  taper  pedestal.  In  standing 
on  two  feet,  the  tibia  and  metataree  are  usuiilly,  iu  Birds,  bent  at 
an  open  angle. 

Progression  on  land  is  effected  in  most  Birds  by  alteruat<^  ad- 
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Tancement  of  the  right  and  left  leg ;  the  body  Is  supported  and 
pushed  forward  hj  one  as  the  other  leg  is  raised  and  swung 
forward  to  the  step  in  advance ;  the  centre  of  gravitj  oscfllating 
laterally,  in  a  degree  corresponding  with  the  breadth  of  the  pelvis 
and  shortness  of  the  legs,  and  which  is  such  as  to  cause  the  'waddle* 
of  the  Duck.  The  forces  acting  on  the  centre  of  gravity  are 
preserved  in  equilibrio,  during  the  walk,  by  movements  of  tlie 
neck  and  head,  conspicuotis  in  poultry ;  and,  in  Sails  and  Coots, 
also  by  movements  of  the  taiL  Most  Cantares  advance  both  legs 
at  once,  and  progress  by  leaps  or  hops,  the  joints  being  first 
flexed  and  the  body  pro|)elled  by  their  sudden  extension.  In 
Volitores  the  legs  merely  sujiport  or  suspend  the  body,  and  loco- 
motion is  wholly  performed  by  the  wings.  Some  birds  derive 
assistance  in  rapid  terrestrial  progression  by  the  flapping  of  the 
wings,  and  this  is  especially  the  case  with  the  Ostrich,  which 
runs  by  the  alternate  advancement  of  its  legs. 

The  act  of  eUmbhiy  I;s  performed  by  means  of  a  peculiar  dis- 
position of  the  toes,  the  fourth  usually  being  bent  back  like  the 
first ;  but  sometimes,  as  in  Trogons,  the  first  and  second  toe  are 
opposed  to  the  third  and  fourth.  The  grasp  of  such  'scansorial* 
foot  may  be  aided  1>y  prehension  with  the  beak,  as  in  the  Mao< 
caws  and  Parrots;  or  by  tiic  prop  formed  by  the  stiff  tail-feathers, 
as  in  the  Woodpeckers. 

Birds  float  by  the  specific  levity  of  their  body,  arising  from 
the  extension  of  the  air-cells  and  the  lightness  of  the  plumage ; 
but  to  swim  requires  an  expanse  of  sole,  either  by  marginal 
membranes  of  the  toes  (Water-rails,  Coots),  or  by  the  extension 
of  webs  between  and  uniting  the  toes.  In  such  true  swimmers 
the  under  side  of  the  trunk  is  boat-shaped,  the  down  is  thick  and 
covered  h\  closely  imbricated  weU-oiled  feathers,  the  bulk  of  the 
bird  being  enlarged  and  its  specific  gravity  diminished  by  the 
air  intercepted  in  the  plumage.  Much  of  the  body  is  thus  sus- 
tained above  the  water  by  hydrostatic  pressure,  and  muscular 
action  is  needed  solely  for  the  horixontal  movements.  The  broad 
oars,  acting  at  the  end  of  a  long  lever,  strike  the  water  backward 
with  great  force,  the  webs  being  fully  expanded;  but  they 
collapse,  the  toes  coming  together,  in  the  forward  movement,  and 
in  some  of  the  best  swimmers  {Colymhut  e.g.)  the  metatarsal  is 
compressed  to  further  diminish  the  resistance  in  preparing  for  the 
next  effective  stioke.  The  oar-like  action  of  the  hinder  legs  is 
still  further  favoured  by  their  backward  position  in  Natatores; 
and  by  the  metatarse  and  toes  being  placed  almost  on  the  same 
perpendicular  line  with  the  tibia,  an  arrangement,  however,  which 

VOL.  II.  I 


Digitized  by  Gopgle 


114 


ANATOMY  OF  VSBT£BRAT£S 


is  iinfavourahlo  for  walking;.  SNTan?  partially  expand  thoir  -vvings 
to  the^wind  while  swiniminji;,  and  thus  move  along  the  water  by 
means  of  sails  as  well  a.s  oars.  The  act  of  divinfj  is  performed 
by  the  feet  striking  the  water  backward  hthI  upward,  a.^sisted  by 
the  compression  of  the  air-cells:  the  habitual  divers  (Penguius, 
Awks)  move  in  and  through  the  water  by  the  rapid  and  forcible 
action  of  winir^=.  shortened  aod  ahaped  like  paddles,  aud  beating 
the  water  as  in  fbi^lit. 

Flif/ht,  the  chief  and  charad  ristic  mode  of  locomotion  in  birds, 
results  jH'inci pally  from  the  const ruciiou  aud  form  of  the  anterior 
extremities.  The  form  of  the  body  has  reference  thereto,  the 
trunk  beinc^  an  oval  with  the  large  end  forward  :  being  also  short 
and  intlexil)le,  the  muscles  act  with  advantage,  and  the  centre  of 
gravity  is  more  easily  clianged  from  above  the  feet  as  in  the 
stationary  position,  to  between  the  wings  as  during  flight.  The 
loiiir  and  flexible  neck  <  oiu])ensates  for  the  rigidity  of  the  tnmk, 
autl  alters  the  poise  according  to  the  required  mode  of  progression, 
by  simply  projecting  the  head  forward,  or  drawing  it  back.  The 
head  of"  the  bird  is  geucrally  small,  and  the  beak  pointetl,  which 
is  a  commodious  form  for  dividing  the  air.  The  position  of  the 
great  j)ectoral  nuisclcs  tends  to  keep  the  centre  of  gravity  at  the 
inferior  part  of  the  tnink.  The  power  which  birds  enjoy  of 
raising  and  supporting  themselves  in  the  air  is  aided  by  the 
liglitncss  of  the  body.  The  large  and  usually  air-filled  cavities 
in  the  bones  diminish  their  weight  without  taking  away  from  their 
strength, — a  hollow  cylinder  being  stronger  than  a  solid  one  of 
the  same  weight  and  length.  But  the  specific  levity  principally 
depends  on  the  great  air-cells  which  occupy  almost  every  part  of 
the  body.  The  air  which  birds  inspire  distends  these  cells,  and  is 
rarificd  by  the  heat  of  the  body.  Lastly,  the  feathers,  and  cs]>c- 
cially  the  quills,  from  thdr  lightness  and  ekstio  firmness,  contri* 
bute  powerfully  to  the  act  of  flying  by  the  great  extent  which 
they  give' to  the  wings,  the  breadth  of  which  is  further  increased 
b)'  the  expanded  integument  situated  in  the  bend  of  the  arm  and 
in  the  axilla. 

When  a  bird  commences  its  flight  it  springs  into  the  air,  either 
leaping  from  the  ground,  or  precipitating  itself  from  some  elevated 
point.  During  tliis  action  it  raises  the  humerus,  and  therewith  the 
entire  wing,  as  yet  unfolded ;  it  next  spreads  the  wings  horizon- 
tally by  an  extension  or  abduction  of  the  forearm  and  hand:  the 
greatest  extent  of  surface  of  the  wing  being  acquired,  it  is 
ni[)idly  and  forcibly  depressed:  the  resistance  of  the  air  thus  sud- 
denly struck  occasions  a  reaction  on  the  body  of  the  bird,  which  is 
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therehy  raised  in  the  same  manner  as  in  leaping  from  the  gronnd. 
The  impulse  being  onc6  giveOj  the  bird  fblds  the  wings  by  bending 
the  different  joints,  and  raises  them  preparatory  to  another  stroke. 

Velocity  of  flight  depends  npon  the  rapidity  with  whidi  the 
wing-strokes  succeed  each  other;  and  the  ratio  of  the  resist- 
ance of  the  air  is  not  as  the  velocity  simply,  but  as  the  square 
of  the  velocity.  A  downward  stroke  would  only  tend  to  raise 
the  bird  in  the  air ;  to  carry  it  forward  the  wings  require  to  be 
moved  in  an  oblique  plane>  so  as  to  strike  backward  as  well  as 
downward.  The  turning  in  flight  to  the  right  or  to  the  left  is 
principally  eflected  by  an  inequality  in  the  vibrations  of  tlie  wings. 
To  wheel  to  the  right  the  left 
wing  must  be  plied  with  greater 
fre(iucncy  or  force,  and  vice  vend. 

The  outspread  tail  contributes 
to  sustain  ihe  posterior  part  of 
the  body ;  and,  its  plane  being 
horizontal,  serves  chiefly  by  its 
movements  to  lift  or  lower  the 
head.  If  a  bird,  flying  in  the 
direction  of  its  axis,  <?,/,  fig.  36,  .  ^  „. 

,   ,  -         „  ,  to,  ,    »  Afitioootun  la  flight,  cnrrrr, 

bnngs  the  tail  mto  the  position 

b  h,  parallel  to  o  a,  the  resistance  of  the  idr  wiU  depress  b  toward 
k,  and,  causing  the  bird  to  rotate  on  its  centre  of  gravity  c,  will 
raise  the  head  from  a  towards  /.  If  the  tail  be  moved  into  the 
IK>8ition  b  },  parallel  to  /  A,  the  resistance  of  the  air  will  raise  the 
]Kjint  b  towanl  n  and  depress  the  head  toward  o.  By  partially 
folding  the  fan,  or  bending  the  tail  to  one  side,  it  may  be  made 
to  act  like  a  rudder  in  the  manifold  modifications  of  the  course  of 
flight.  In  Waders  and  Anserines  the  tail,  represented  by  the 
caudal  (juill  f'eatiicrs,  m  verv  short,  and  the  oflSce  of  the  rudder  is 
transferred  to  tl»e  legs,  which  are  extended  l>aekward  in  flight, 
and  counterbalance  the  long  outstretelietl  neck  and  liead. 

In  descending  from  a  great  height  V)irds  usually  incline  the 
axis  of  the  body  obliquely  downward,  as  in  fig,  l,the  resistance 
of  the  air  in  a  vertical  direction  upward  ecjuilihrating  the  force 
of  gravity  acting  upon  the  body  vertically  downward,  teo  that  the 
nuitiou  of  the  bird  l>ecomes  unilorni  without  rci[uinng  any  move- 
ment of  the  wings.  *  Another  mode  i»i  tlesceut  is  perforaied  with 
greater  celerity  by  elevating  the  wings  at  an  angle  of  nearly  45* 
above  the  plane  of  the  horizon,  as  in  tig,  37,  ))y  whii  h  the  resist- 
ance of  the  air,  compared  with  the  resistance  to  the  wing  when 
horizontal,  is  dimiuibhcii  in  the  ratio  ol  tiie  radius  to  the  cube  of 
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Uie  sine  of  incUnation,  that  ui,9B  a  b  to  d  e\  consequently,  a 
bird  with  its  wings  elevated  at  any  angle  to  the  homontal  plane 
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will  descend  with  j^reater  velocity  than  when  they  are  in  the 
direction  of  n  h.  Pifrcons  elevate  their  \vings  in  tliLs  manner 
until  they  arrive  within  a  foot  or  two  of  the  ground,  wlien,  to 
prevent  tlic  sliock  they  won]<l  othen%'ise  receive,  owing  to  the 
velocity  acquired  durinp:  t lu  ll  scent,  they  suddenly  turn  their 
axis  perpendicular,  \\hl<'h  liad  previously  been  i^arallei,  to  the 
direction  of  their  ni  itiori,  and  by  a  few  rapid  strokes  of  the  wing 
neutralise  their  moiueatuDij  uud  thus  reach  the  ground  witli  ease 
and  safety.'* 

The  manner  of  flight  varies  in  different  birds:  some  dart  for- 
ward by  jerks,  closing  tlicir  winjrs  every  three  or  fonr  stroke.-*; 
the  Woodpeckers  and  Wagtails  show  kind  of  niuhilatory 

motion  :  most  l»irds  have  an  even  continuous  fhi^dit  :  the  Kile  and 
Albatro.—  -I  [iii'iinies  buoy  themselves  in  the  air  without  any  per- 
ce])tihle  motion  of  tlic  wings.  The  best  flyers  often  cittnomisc 
their  forces  by  availing  themselves  of  the  impetus  of  a  few  rapid 
strokes  to  scud  along  with  the  wings  expanded,  until  the  interval 
of  rest  requires  to  be  broken  by  a  IVesh  eflort, — a  phase  of  flight 
beautifully  defined  by  an  old  observer  of  nature; — 

Mox  ai.  re  lapsa  quiclo 
Badit  iter  liquidum,  celercs  neque  commoTct  alas. — Viroiu 

*  GCIT.  p.  428.  The  principal  data  requisite  for  estimating  by  dynamics  tlio 
•moant  of  the  force  employed  by  birds  during  flight  arc  briefly  stated  by  Mr.  BisJiop 
to  be  : — *  1st,  the  area  of  the  horizontal  section  of  the  body  of  the  bird  :  2nd,  the  area 
of  tlie  wings  whilst  they  are  lowered:  8rd,  the  area  of  the  wings  whilst  tluy  are 
rsised:  4tb,  the  velocity  idtit  wbieh  the  bird  is  driven  through  the  air:  5(li.  the  velo- 
city with  which  the  wings  are  lowered  •■  6th,  the  velocity  with  which  the  wing"  ;irp 
raised:  7th.  the  respective  durations  of  the  ekvation  and  depression  of  the  wings: 
8tb,  tbe  weight  of  the  whole  bird:  9th,  the  weight  of  an  equal  Tolome  <tf  air:  lOth, 
the  resistaaoe  of  the  air  due  to  the  figure  and  velocity  of  the  bird:  11th,  the  ratio  of 
the  resistanof*  ^^  hich  the  air  opposes  to  the  wings  clurhig  tlicir  elevation  and  depres- 
sion :  12th,  the  ratio  of  the  resistance  of  the  air  to  tbo  time  of  an  clevatioQ  of  the 
wings  and  to  that  of  a  depression.'  Jb.  p.  425. 
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CHAPTER  XVI. 

KERVOUS  BTSTEH  OF  ATE8. 

§  137.  Myeleneephahn  of  Birdt. — The  myeloD,  with  ito  nerreB, 
having  led  to  the  developement  of  protectiDg  arches  in  the  em- 
bryo, soon  ceases  to  be  ooextenrive  with  the  neural  canal,  shrink- 
ing from  the  hind  part  of  it,  as  the  caudal  vertebrse  begin  to  be 
modified,  and  leaving  there  but  a  filamentary  trace  of  its  original 
condition :  the  neurine  accumulates  in  the  sacral  region,  fig.  38, 
as  the  pelvic  members  grow,  and  the  central  canal  there  expands, 
ib.  t  The  myelon  becomes  more  slender  in  the  dorsal  region, 
and  agiin  expands  near  the  base  of  the  neck,  in  connection  with 
the  nerves  of  the  wings,  ib.  tt,  v,  to ;  then,  resuming  its  dorsal 
dimension,  it  is  continued  to  the  brain,  ib.  a-  e.  The  expansions^ 
or  at  least  the  pelvic  one,  present  a  full  transverse  ellipse  in  sec- 
tion, the  rest  of  the  chord  is  cylindrical ;  it  consists  of  white 
neurine  with  grey  matter  internally  originating  nerve-roots,  and 
lining  a  subcentral  canal. 

The  myelon  is  divisible  into  ventral  and  dorsal  tracts  accord- 
ing to  their  relative  position  to  the  transverse  plane  of  the  canal ; 
the  ventral  tract  is  actually  divided  by  a  longitudinal  fissure  into 
symmetrical  halves  or  *  columns,'  the  fissure  extending  from  the 
exterior  nearly  to  the  canal  from  which  it  is  separated  by  a  very 
thin  commissural  tract  uniting  the  ventral  columns.  The  dorsal 
ones  diveige  from  each  other  in  the  sacrum,  forming  the  cavity 
above  mentioned,  called  in  Omithotomy  'sinus  rhomboidalis,* 
iig. 38,  f,  t,  which  is  a  ^ventricular'  dilatation  of  the  ni)  clonal 
canal.  The  longitudinal  fissure  thence  continued  between  the 
dorsal  columns  becomes  less  conspicuous  than  the  ventral  fissure, 
and  appears  to  be  obliterated  in  the  neck :  but  the  dorsal  co- 
lumns diverge  in  the  medulla  oblongata,  as  in  the  sacrum,  and 
again  expose  the  my  clonal  canal,  which  is  here  called  'fourth 
ventricle,'  ib.  d. 

The  two  expansions  of  the  bird's  niyclon  vary  in  relative  size 
according  to  the  different  developement  and  powers  of  the  wings 
and  legs :  the  anterior  or  alar  enlargement  is  greatest  in  VoliUh- 
rat,  cHj>ecially  the  Swifts  and  Hununing-Birds :  the  posterior  or 
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pelvic  one  is  greatest  in  most  other  birds, 
and  especially  in  the  Cunores.  The  alar 
enlargement  is  due  to  an  accession  of 
white  and  grey  substance,  without  dila- 
tation of  the  myelonal  canaL 

In  the  brain  of  a  chick  at  the  eighth 
day  of  incubation,  fig.  39,  llie  *  fourth 
yentriole*  is  exposed  by  divergence  of 


39 


40 


BnlB  of  mbiyo  Blfd> 


of  Llnrd.  ocxn. 


the  dorsal  myelonal  columns  which  now 
have  the  name  of  'posterior  pyramids:' 
the  plate  of  neurine  developed  from  them 
to  bridge  over  the  ventricle  shows  the 
same  inci[)ient  state  of  the  cerebellum,  ib. 
5,  as  in  the  Batrachia :  it  next  expands 
at  the  middle  and  represents  the  condi- 
tion of  the  cerebellum  in  the  Lizard,  fig, 
40:  continuing  to  grow,  the  cerebellum, 
fig.  41,  c,  (  o versa,  at  tlie  sixteenth  day  of 
incubation,  the  fourth  ventricle,  and  has  a 
smooth  exterior,  as  in  the  Crocodile  and 
Turtle  (vol.  L  fig.  191).    Towards  the 


Brain  of  chick  at  is  days.     Id.  at  20  duj-s.  ccxvi. 

Jijr«i«iwpu«i«n,  or  biain  and         closc  of  iucubation  the  cerebellum,  fit?, 
bird  UMNX  42,  c,  presses  lorward  toward  the  cere- 
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brum,  il).  and  soeins  mechanically  to  jtusli  n>l<lc  the  o]>tic  lobes, 
b\  the  inulti|»lic(l  grey  matter  ot*  its  siiperticie.s  is  dispose*]  in 
transverse  fuKls :  small  hejxinnings  of  lateral  loljcs  are  i)resent  in 
many  birds.  The  white  neurine,  iiij;.  4.3,  y,  continues  to  accumulate 
beneath  the  fjrey,  ib.  d,  and  reduces  the  cavity  of  the  orifjinally 
vesicular  cerebellum  to  a  fissure,  ib.  n,  which  retains  its  primitive 
connection  with  the  fourth  ventricle,  the  tloor  of  which  shows  the 
lon<::itudinal  groove  called  *  calamus  scriptorius.'  The  medulla 
oblongata  expands,  but  its  ventral  surface,  fig.  44,  J,  is  not  sculp- 
tured so  as  to  permit  *  anterior  pyramids,'  '  olivary  bodies/  a  *  tra- 
pezium,' or  a  '  tuber  annuhire,'  to  be  defined. 

The  optic  lobes  in  the  end)ryo,  fig.  39,  a,  are  smooth  vesicles  of 
white  neurine,  in  contact  with  each  other,  as  in  Hvptilia:  they  are 
at  first  oblong,  as  in  Jhitrdcliia  ;  next  acquire  a  spheroid  figure, 
a.s  in  Lizards,  fig.  40,  A,  and  then  assume  their  ornithic  character 
by  diverging  laterally  toward  the  lower  plane  of  the  brain,  figs.  42, 
44,/^:  they  maintain  their  smooth  exterior,  and  their  ventricle 
much  reduce<l  in  capacity  by  internal  growth  of  neurine. 

The  crura  cereljri  show  their  first  superadditions,  forming  the 
optic  thalami,  in  the  eight-days  embryo,  between  a  and  c,  fig.  39, 
before  expanding  into  the  *  heraisplieres,'  ib,  r.  These  progres- 
sively increase  in  size  until  they  acquire  the  relative  dimensions 
and  jK)sition  shown  in  fig.  43,  n. 

They  are  usually  of  a  corditorra  shai)e  with  the  a])ex  directed 
forward  ;  in  the  Parrot  tribe  they  present  a  more  elongate,  de- 
pressed oval  figure:  they  are  devoid  of  convolutions;  but  a 


shallow  longitudinal  depression  marks  off,  in  some  birds,  a  median 
from  a  lateral  tract  of  the  upper  surface  of  the  hemisphere :  in 
most  this  surface  is  uniformly  convex.  The  hemispheres  present 
an  undulate  surliMye  below ;  the  medial  parts  bcbg  in  some  birds 
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Disicclcd  bnUn  of  a  I'l^on. 
irr. 


produced,  so  m  to  cause  a  concavity  transversely  between  th^ 
and  the  lateral  borders,  as  shown  in  fig.  44.  On  the  lower 
part  of  the  side  of  each  hemisphere  there  is  a  depression  which 
corresponds  to  the  '  fissura  magna  Sylvii,'  and  affords  the  sole 
indication  of  a  division  into  lobes.  The  hemispheres  are  con- 
nected together  by  means  of  the  round  commissure,  fig.  45,  A. 
The  mesial  surfaces  of  the  hemispheres,  which  are  in  contact 

with  eadi  other,  present  stris  which  diverge 
£rom  the  commissure.  These  surfaces  are 
composed  of  an  extremely  thin  layer  of  medul- 
lary substance,  fig.  45,  /,  forming  the  in- 
ternal parietes  of  the  ventricle,  and  extended 
outwai^y  over  the  corpus  striatum,  ih.  u 
Like  its  homologue  in  BepHHa  and  the  mam- 
malian embryo,  it  does  not  present  the  alters 
nato  striflB  of  grey  and  white  matter,  which 
suggested  its  name  in  Anthropotomy.  This 
cerebral  ganglion  is  of  great  relative  size  in  Birds,  constituting  of 
itself  almost  the  entire  substance  of  the  hemisphere,  projecting 
into  the  ventricle,  ib.  A,  not  only  from  below,  but  from  the  ante- 
rior and  outer  sides  of  the  cavity, 
and  being  covered  by  a  smooth 
layer  or  fold  of  medullary  matter, 
y,  which  increases  in  thickness  an- 
teriorly. The  ventricle  does  not 
extend  below  the  corpus  striatum 
to  form  an  '  inferior  horn,"  or 
'  comu  ammonis.^  A  fold  of  pia 
mater  enters  the  bott<^)m  of  the 
cerebral  ventricle  and  lies  free  in 
the  cavity :  it  .is  highly  vascular, 
and  do velopes  tufts  contfiiningplexi- 
form  loops  of  capillaries  defended 
by  epithelium,  the  cells  of  which  are 
shown  at  the  margin  of  the  villi  magnified  in  fig.  46.  The  vessel 
forming  the  plexus  choroides  penetrates  the  ventricle  beneath  the 
posterior  part  of  the  thin  internal  wall,  and  the  lateral  ventricles 
oommimicate  together  there,  and  with  the  third  ventricle.  They 
are  continued  anteriorly  to  the  root  of  the  olfactory  nerve,  which 
is  itself  a  continuation  of  the  apex  of  the  hemisphere. 

Just  above  the  orifice  of  communication  there  is  a  smooth 
flattened  projection,  rounded  externally,  which  advances  into  the 
ventricle  from  the  internal  wall ;  this  represents  a  beginning  of 


46 


Toft  of  tli«  clinrold  plexiu  of  ihe  brain  of  a 
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the  fornix.    The  rouml  anterior  conimissnrc,  h,  is  prolonged  on 
cither  sifle  into  the  substance  c>f  the  lioini-phcres. 

The  optic  tlmlami,  ib.  /,  are  of  sinall  size,  and  not  united  hy  a 
iioft  cunimifesurc  :  hetween  them  is  the  cavity  called  the  third  ven- 
tricle, ib.  m  ;  and  ubuve  and  behind  they  give  off  the  pedunrh's 
of  the  pineal  gland.  This  body  does  not  hang  freely  suspend  I 
hv  the  pedicle?*,  l)ut  seems  to  form  a  rounded  and  thickened 
autenor  border  of  the  valvula  Vicnssenii  or  lamelliform  commis- 
sure of  the  ojitie  lobcf.  It  adh(H'>^  firndy  to  the  conlluencc  of 
the  great  veins  situated  at  the  aiii  rior  orifice  of  the  uquediict  of 
Sylvius  :  it  is  usually  of  a  conical  or  pyriform  shape.  The  valve 
whicli  ciosen^  the  upper  ]»nrt  of  the  passage  from  the  third  to  the 
fourth  ventricle,  is  a  tiun  lamella  of  great  width,  in  cunsequenee 
of  the  distance  at  which  the  (»])tie  lobes  are  separated  from  one 
another.  Anteriorly  the  third  ^  entricle  communicates  with  the 
infundibulum,  which  terminates  in  a  large  hypophysis. 

Besides  the  cavities  or  ventricles  above  mentioned,  there  are 
al.«o  two  ()thers  situated  in  the  ojitic  lobes,  fig.  45,  o,  or  l)igemnial 
bodies,  ea<d»  of  which,  Aviien  laid  open,  is  seen  to  be  occupied  by  a 
convex  Ixuly,  ib.  j),  projecting  from  the  posterior  and  internal 
side  of  the  lolic  :  these  ventricles  communicate  with  the  others  in 
tlie  aqueduct  of  Sylvius. 

The  brain  of  the  Bird  dlfTiMS  from  that  of  the  Keptile  in  tho 
siiperinr  size  of  the  eereljriun  and  cerebellum,  tigether  with  the 
fohlinif  of  the  latter,  avIucIi  j-elatcs  pr(»liablvto  the  hiufher  locomo- 
tive  powers  of  the  liinl  :  it  difii  rs  from  tlie  brain  (»f  the  .Mannnal 
in  the  absence  or  small  bejiinninLr  of  the  fornix,  and  of  the  lateral 
lobes  of  the  cerebellum:  it  ditl'ers  from  the  brain  of  every  other 
clasB  in  the  lateral  and  iiderior  position  of  the  optic  lobes.  In  a 
pifTcon  weif^hing  ei^ht  ounces  with  and  seven  ounces  without  the 
feathers,  or  .'i.'itJO  grains,  the  myelencephalon  weighs  4H  grains, 
the  weight  of  the  myclon  being  11  «rrains,  and  that  of  the  Ijraiii 
37  grains.  The  proportion  of  the  weight  of  the  brain  to  the 
body  is  much  greater  in  the  Humming-Bird  :  whilst  in  the  huge 
Dinornisy  the  brain  does  not  exceed  two  inches  and  a  half  in 
length,  and  two  inches  in  width.  It  thu«  presents  a  limited  range 
of  size,  and  much  sameness  of  form  and  structure  in  tho  different 
orders  of  tlie  class  of  Birds. 

§  138.  Nerves  of  Birds. — The  olfactory  or  first  pair,  usually 
of  a  simple  rounded  form,  proceed  from  the  small  pvriform 
rhinencejjhalon,  fig.  44,  r,  continued  from  the  apex  of  the  hemi- 
t«phere,  and  ustinlly  somewhat  deflectetl.  The  nerve  runs  along 
an  osieouA  cauai,  scGompaiued  by  a  venous  trunk  above  the 
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orbitSy  as  fur  as  the  pituitary  membrane  of  the  ethmotorbinals, 
upon  which  its  fihunents  are  distributed  in  a  radiated  manner. 
In  Apteryx  and  Dinomis,  the  rhinence]dialon  is  d  large  rektave 
size,  and  sends  off  the  olfactory  nerves  by  many  fihmients  through 

a  *  cribriform  plate.' 

The  optic  nerves,  fig.  44,  a,  are  in  general  of  remarkable  size ; 
they  arise  from  the  whole  of  the  outer  surface  of  the  optic  lobes, 
and  from  the  tlialami,  the  two  origins  forming  by  their  union 
the  *  radix  opticus,'  fig.  47,  r/,  which  expands  into  the  'chiasma.' 
Here  a  ])artial  decussation,  ib.  b,  takes  place.  By  removal  of  the 
firmly  adherent  neurilemma,  the  optic  nerve  is  seen  to  be  com* 


posed  of  parallel,  longitudinal  lameUsDy  the  maigins  of  which  are 
most  free  on  one  side,  fig.  48,  b* 

The  third,  or  oculomotorial  nerre,  arises  behind  the  hypophysis 
from  the  grey  matter  that  lies  here  between  the  crura  cerebri : 
it  escapes,  usually,  by  a  distinct  hole,  fig.  56,  3,  near  the  foramen 
opticum,  and  supplies  the  superior,  inferior,  and  internal  musculi 
recti,  and  the  obliquus  inferior :  it  also  sends  off  a  ciliary  branch, 
which  sometimes  forms  a  ganglion  before,  sometimes  after,  joining 
the  ramus  ciliaris  trigemini. 

The  fourth  nerve  arises  from  the  posterior  flattened  band, 
extending  over  the  *  valvula  Vicussenii '  between  the  back  part  of 
the  optic  lobes :  its  course,  immediately  above  the  suj)en>rl»itai 
branch  of  the  fifth  pair,  is  shown  at  fig,  .30,  4*,  as  far  as  iti4  termi- 
nation in  the  suj^erior  ol)liquc  muscle,  il).y",  to  wliich  it  is,  as  in 
other  Vertebral e?<,  excliisis  ely  distributed. 

The Jjfth  or  trigeminal  nerve,  fig.  49,  5,  6,  7,  has  two  origins; 
the  *  portio  major,'  from  the  fore  part  of  the  hase  (»f  the  eras 
ccrebelli,  the  *  jwrtio  nnnor,'  from  the  prepyramidal  trad  in  ad- 
vance of  the  foregoing,  whieh  it  joins  after  the  reddish  gan- 
glionic swelling,  fig.  41).  has  been  fonne<l.  The  t\vonrigin>  are 
less  distinct  than  in  Maimiials ;  but  the  larger  one  is  more  readily 
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traceable,  towardjs  the  niyelon,  from  not  being  crossed  by  a  '  tra- 
pezium.* 

The  first  or  opJtthnlmlr  division,  fig.  49,  passes  out  of  tlie 
cranium  by  a  canal  situated  externally  to  the  o))tic  foramen.  It 
is  of  large  size,  and  describes  in  its  j)as.sage  through  the  orbit  a 
curve  corresponding  to  the  roof  of  that  cavity  ;  it  generally  pene- 
trates the  substance  of  the  facial  buncs,  tig.  50,  5*,  above  the 
nasal  fossa,  ib.  m.  It  divides  into  tliree  branches  ;  the  Jirst  or 
superior  is  the  smallest  and  is  lost  upon  the  pituitary  membrane  ; 
the  st  c()7ul  branch  is  the  largest  of  the  three  and  the  longest ; 
it  is  received  into  an  osseous  canal,  and  tcrmiuatcs  at  the  ex- 
tremity of  the  beak  in  a  great  number  of  divisions ;  the  third 
branch  of  the  oi)hthalmic  nerve  is  entirely 
distributed  to  the  skin  whic  h  covers  the 
circumference  of  the  external  nostrils. 

The  sec<md  division,  fig.  49,  6,  or  supe- 
rior miixilhirif  nerve,  ])nsses  out  of  the 
same  foramen  as  the  inferior  one,  ib.  7  : 
it  passes  forward  along  the  floor  of  the 
orbit,  and  in  this  part  of  its  course  gives 
(»ft"  two  filaments,  of  which  one  joins  the 
ramifications  of  the  ophthalmic  nerve, 
the  other  ascends,  penetrates  the  sulj- 
stance  of  the  pterygoid  muscles  and  the 
maxillary  bone,  to  l)e  lost  on  the  lateral 
parts  of  the  bill.  In  those  iJirds,  as  the 
Anati(l(B  and  other  Water-fowl,  where 

the  upper  mandible  is  notched  on  the  edge,  each  denticulation  re- 
ceives four  or  five  nervous  iilaments^  and  the  nerve  is  propor- 
tionally of  large  size. 

The  inferior  maxillary  nerve  separates  from  the  superior,  and 
proceeds  obliquely  downward,  dispensing  branches  to  the  ptery- 
goid and  quadrangular  muscles  of  the  jaws ;  the  trunk  proceedB 
outward  to  the  lower  jaw,  where  it  divides  into  two  brancheB,  an 
internal  and  an  externa).  The  internal,  which  is  a  continuation 
of  the  tnmkf  penetrates  the  nuixillary  canal,  and  is  continued  to 
tlie  anterior  end  of  that  mandible.  In  the  AnaHdtB  it  gives  off 
nerves  to  the  dentations  along  the  edge  of  tlic  mandible.  The 
external  branch  recedes  from  the  internal,  perforates  thejaw^  and 
is  distributed  on  its  external  surface  beneath  the  te$rumentarv  or 
homy  substance  which  sheaths  the  extremity  of  the  mandible. 
It  supplies  no  gustatory  branch  to  the  tongue>  which  is  an  organ 
of  prehenstony  not  of  taste^  in  Birds.   The  non-ganglionic  part  of 
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the  third  division  of  the  fifUi  lis  traced  on  ike  left  side  of  fig.  49»  f, 
passing  beneath  the  ganglion.  There  is  no  'otic'  ganglion  in 
Birds. 

The  feuM  nerve,  or  portio  dura,  arises  immediatdy  anterior  to 
the  acoustic  from  the  x)i*epyTamidal  tracts,  enters  the  petrosal  an- 
terior to  the  acoustic,  quits  it  to  pass  into  the  fallopian  canal, 
sends  off  the  '  chorda  tympani '  to  tiie  ramus  alyeolaris  inferior  of 
the  trigeminal,  and  communicates  with  the  sympathetic ;  it  paases 
out  behind  the  tympanic  bone  (as  in  Mammals),  gives  bnmches 
to  the  digastric  and  stylohyoid  muscles,  and  combines  with  the 
glossopluuryngeal,  vagus,  hypoglossal,  and  upper  cervical  nerves, 
to  form  the  plexus  supjdyiii^  the  anterior  part  of  the  constrictor 
colli  muscle. 

The  audUftry  nerve,  or  portio  mollis,  is  large,  soft,  and  of  a 
reddish  colour;  it  is  received  into  a  depression  on  the  petixisal, 
fig.  56,  7,  whence  it  penetrates  by  several  small  foramina  to  the 

labyrinth. 

The  roots  of  the  *  eighth '  nerve  penetrate  the  ezoccipital  by 
two  or  three  foramina,  and  unite  on  their  emergence  to  form  the 
ganglion,  from  which  the  glossopharyngeal  and  the  pneumo- 
gastric  trunks  divei^e.  The  glossophiuyngeal  is  large ;  it  com- 
municates more  freely  with  the  sympathetic  than  does  the 
pneumocr^st  ric  in  the  neck ;  it  sends  off  a  small  internal  branch  in 
front  of  the  muscles  of  the  neck ;  a  small  posterior  twig  which 
unites  with  the  pneumogastric,  and  a  large  inferior  branch  to  the 
anterior  part  of  the  neck.  The  latter  is  a  continuation  of  the 
nerve  itself;  it  dc^oends  aloni^  the  cesophagus  and  divides  into 
two  principal  branches,  of  which  one  passes  to  the  cerato-max- 
illary  muscles,  and  this  branch  is  remarkably  tortuous  in  the 
Woodpecker,  in  order  to  be  accommodated  to  the  extensile  motions 
of  the  tongue;  it  supplies  the  upper  larynx,  and  the  surface  of 
tlie  tongue,  as  far  as  the  tip.  The  other  braiH  ?i  'lescends  along 
the  lateral  parietes  of  the  oesophagus,  and  sends  off  a  twig  to  join 
the  lingual  nerve.  The  termination  of  the  glossopharynged  is 
expended  upon  the  oesophagus. 

The  pneumogastric,  after  communicating  with  the  glossopha- 
ryngeal, sympathetic  and  ninth  nerves,  passes  down  the  neck, 
along  with  the  jugular  vein,  and  closely  connected  with  the  spinal 
nerves.  The  right  trunk  crosses  the  arch  of  the  aorta,  and  sends 
off  the  recurrent  round  that  vessel,  the  left  trunk  reflects  its 
recurrent  near  the  origin  of  the  bronchi ;  the  recurrents  supply 
the  lower  larynx  and  part  of  the  trachea,  but  are  chiefly  spent 
upon  the  oesophagus.    The  trunks  of  the  two  pneumogastrics 
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conirerge  ventrad  of  the  oesophagas  and  unite  above  the  pre- 
yentricnlus,  supplying  that  part^  the  gizzard,  and  ultimately  com- 
municating with  the  splanchnic  plexus  of  the  sympathetic.  In 
the  Eagle  the  pneumogastric  is  recruited  by  an  *  accessoriua '  nerve 
arising  behind  the  third  cervical. 

The  hypagloual  nerve  (9th  pair)  escapes  by  one  or  two  pre- 
condyloid  foramina.  It  is  very  slender  at  its  origin ;  passes  to  the 
front  of  the  nervus  vagus,  partly  muting  with,  as  it  crosses  over» 
this  nerve,  and  in  that  situation  it  detaches  a  filament  to  the  hyo- 
laryngeal  and  long  tracheal  muscles.  The  trunk  of  the  iiyo- 
glossal  next  crosses  the  glossopharyngeal  nerve^  passing  forward 
to  supply  the  hyoglossal  and  lingual  muscles. 

The  spinal  nerves  arise  by  motory  (anterior  or  ventral)  and 
sensory  (posterior  or  dorsal)  roots  of  nearly  equal  size ;  but  the 
anterior  have  more  numerous  filaments.  The  ganglion  on  the 
posterior  root  is  proportionally  large.  In  the  sacral  region  of 
the  spine,  the  anterior  and  posterior  roots  escape  by  dislanct  fora- 
mina, and  can  be  separately  divided  without  lur  ing  open  the 
bony  canal,  but  they  are  deeply  seated  and  well  protected  by  the 
anckyloeed  processes  of  the  sacrum  and  the  extended  iliac  bones. 

The  eermcal  nerves  vary  with  the  number  of  the  vertebne  from 
ten  to  twenty-three :  each  nerve  divides ;  the  anterior  branch  sup- 
plying the  muscles  and  the  skin,  the  posterior  branch  the  muscles 
chiefly.  Those  of  the  lower  cervicals  form  a  plexus,  supplying 
the  scapular  muscles,  and  communicate  with  the  lowest  cervical 
nerve  going  to  the  brachial  plexus.  Only  the  last  two  or  three 
pairs,  fig.  38,  t/  t^',  of  cervical  nerves  concur  in  the  formation  of 
this  plexus,  which  is  completed  by  the  first  pair  or  two  of  dorsal 
nerves  o.  The  other  dorsal  nerves,  after  giving  filaments  to  the 
intercostals  and  diaphragmatic  muscles,  pass  to  the  skin  at  the 
sides  of  the  trunk. 

The  sacral  nerves  have  no  other  peculiarity  than  their  mode  of 
passing  out  of  the  spinal  canal :  they  form  exclusively  the  plexus 
analogous  to  the  lumbar  and  sacrul,  iig.  38,  w.  The  terminal 
spinal  nerves  supply  the  muscles  and  skin  of  the  cloaca  and  tail. 

The  brachial  plexus^  formed  by  the  two  or  three  last  cervical 
and  one  or  two  first  dorsal  nerves,  soon  becomes  blended  into  a 
single  fasciculus  whence  all  the  nerves  of  the  wing  are  derived. 
The  internal  cutaneous  nerve  parses  from  the  axilla  along  the 
inner  and  back  part  of  the  humerus,  bends  round  the  inner 
(ulnar)  side  of  the  elbow  joint ;  it  supplies  the  skin.  The  next 
branch  distributes  filaments  to  the  muscles  22,  24,  fig.  35  ;  sends 
off  the  '  circumtlcx '  nerve  which  supplies  the  latibsimus  dorsi. 
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deltoid^  and  shoulder  joint ;  and  is  then  continued  as  the'miiflciilo- 
spiral/  supplying  the  brachialis  intemiiB  and  biceps,  and,  slb  it 
passes  behind  the  antibrachium^  the  extensoiB  of  the  pinioD; 
it  also  distributes  filaments  to  the  skin.  The  next  lai^  branch 
from  the  plexus  is  the  'median  nerye/  which  sends  off  the  'ex-> 
temal  cutaneous  *  in  its  course  along  the  biceps,  supplying  the 
skin  on  the  outer  or  radial  side  of  the  wing.  The  '  ulnar '  ncnre 
is  the  next  branch,  supplying  the  '  ulnaris  intemus ;  *  and  the 
continuation  of  the  '  median '  gives  branches  to  the  muscles  on 
the  radius,  to  those  on  the  pinion,  and  to  the  integument. 

The  neryes  of  the  pelyic  limbs  are  deriyed  from  the  sacral 
plexus.  The  obturator  nerye,  formed  by  the  second  and  third  sacral 
neryes,  passes  through  the  upper  part  of  the  foramen  oyale,  gives 
off  a  branch  to  join  the  *  saphenus  nerve,'  and  is  distributed  to  the 
muscles  around  the  hip-joint  The  femoral  nerve  passes  out  of 
the  pelvis  in  company  with  an  artery,  over  the  front  edge  of  the 
ilium.  It  divides  into  three  branches,  which  are  dispersed  among 
the  muscles,  fig.  35, 4o,  4s,  and  integuments  on  the  anterior  and 
inner  part  of  the  thigh.  One  of  these  filaments  represents  the 
'  saphenus,*  and  descends  superfidally  for  a  considerable  way  upoD 
the  limb. 

The  igckiatic  nerve  is  derived  from  five  or  giz  of  the  nerves 
constituting  the  sacral  plexus,  on  quitting  which,  even  within  the 
pelvis,  it  is  easily  separable  into  its  primary  branches.  Im* 
mediately  after  it  passes  through  the  ischiatic  foramen  it  sends 
filaments  to  the  muscles  on  the  outer  part  of  the  thigh ;  it  then 
proceeds  under  the  biceps,  along  the  back  of  the  tiiigh,  about  the 
middle  of  whidi  it  becomes  divided  into  the  tibial  and  the  peroneal 
nerves. 

The  |)osterior  tibial  nerve,  before  it  arrives  in  the  ham,  sepa- 
rates into  sevend  branches,  which  pass  on  each  side  of  the  blood- 
vessels, and  are  chiefly  distributed  to  the  muscles,  fig.  35,  46,  fio, 
61,  on  the  back  of  the  leg.  Two  of  these  branches,  however, 
are  differently  disposed  of;  the  one  accompanies  the  posterior 
tibial  artery  down  the  leg,  passes  over  the  internal  part  of  the 
pulley,  and  is  lost  in  small  filaments  and  anastomoses  with  a 
branch  of  the  peroneal  nerve  on  the  inner  side  of  the  metatarsus ; 
the  other  branch  runs  down  on  the  peroneal  side  of  the  leg,  along 
the  deep-seated  flexors  of  the  toes,  ib.  fts,  passes  in  a  sheath 
formed  for  it  on  the  outer  edge  of  the  moveable  pulley  of  the  heel, 
and  proceeds  under  the  flexor  tendons  along  the  metatarsal  bone, 
to  be  distributed  to  the  internal  part  of  the  two  external  toes. 

The  peroneal  nerve  is  directed  to  the  outer  part  of  the  leg ;  it 
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dips  above  the  gastrocnemii  muscles,  and  runs  through  iiie  same 
ligamentous  pufiej  that  transmits  the  tendon  of  the  biceps  muscle, 
ib.  41 }  it  then  detaches  some  large  filaments  to  the  muscles  on 
the  anterior  part  of  the  leg,  under  which  it  divides  into  two 
branches,  which  proceed  dose  together,  in  company  with  the 
ttDterior  tibial  artery,  to  the  fore  part  of  the  ankle-joint,  at  which 
place  they  separate ;  one  passes  superficially  over  the  outer  part 
of  the  jmnt,  the  other  goes  first  nnder  the  transverse  ligament 
which  binds  down  the  tendon  of  the  tibialis  anticus  muscle  on  the 
tibia,  and  then  over  the  inner  part  of  the  joint,  below  which  it 
divides  into  two  branches :  the  one  is  distributed  to  the  inner  side  of 
the  metataree,  and  the  tibial  side  of  the  back  toe,  i,  and  the  neact 
toe ;  the  other  turns  toward  the  centre  of  the  metatarsal  bone, 
and  penetrates  the  tendon  of  the  tibialis  anticus  just  at  its  inser- 
tion, and  then  rejoins  the  branch  of  the  peroneal  nerve  it  accom- 
panied down  the  leg.  They  continue  their  course  together  again 
in  the  anterior  furrow  of  the  metatarsal  bone ;  and  at  the  root  of 
the  toes,  se[)ai-ate  once  more,  and  proceed  to  the  interspaces  of 
the  three  anterior  toes,  and  each  divides  into  two  filaments,  which 
run  aluug  the  nides  of  tlie  toes  to  the  claw. 

§  139.  St/mpathetic  System. — The  superior  cervical  ganglion  is 
connected  witli  tlie  ji;los8opharyiigcal  ucrve  mure  closely  in  some 
birds  th:ui  in  otlierai :  it  coramunic^tes  by  branches  with  the 
porlio  dura  and  second  division  of  the  fifth,  and  supplies  the 
lacrynial  gland :  a  second  l)raneli  accompanies  the  entocarotid, 
supplies  the  hnrderian  gland,  and  corainunicates  with  the  first 
division  of  tlie  liliU.  *  The  "  cervical  portion  "  of  tlu'  sympatlietic 
may  be  conij)ared  with  that  in  the  Snake  in  its  not  having  a  chord 
or  prolongation  accompanying  the  trunk  of  the  ]iar  vacrum  ;  iu 
however,  corresponds  in  some  measure  also  with  ihat  of  tlic 
Turtle,  for  in  tlie  Swan  a  branch  is  continued  down  the  neck 
with  each  carotid  artery,  and  in  itd  course  cuniniunirates  several 
times  with  it^  fellow.'*  *  In  the  Pelican  the  carotid  is  a  ssingle 
trunk  dividing  into  two  at  the  uj)pcr  part  ol"  tlie  neck  ;  a  branch 
parses  troni  the  8U]>erior  cervical  ganglion  witli  eadi  ol"  these,  and 
becomes  united  inu»  one  near  their  l.il  urcation ;  it  gives  off 
branches  for  the  supply  of  the  carotid,  and  to  conimunicutc  with 
the  prohmgation  acconifmnying  the  vertebral  artery;  at  the  bottom 
of  tlic  neck  it  dips  down  in  the  niedian  line  between  the  anterior 
cervical  muscles,  and  divides  lulo  two  branches,  each  joining  the 
penultimate  cervical  ganglion.*'    The  sympathetic  passes  down 
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the  cervical  vcrtcl)ra!  in  a  canal  with  the  vertebral  artery  *  rc- 
BCmbling  the  prolongation  in  the  imperfect  canal  in  the  Snake/ 
(Vol.  i.  p.  310,  fig.  206,  3.)  *  Also  like  the  chord  sent  from  the 
first  thoracic  ganglion  and  placed  at  the  side  of  the  neck  in  the 
Turtle,  and  that  accompanying  the  vertebral  artery  in  Mam- 
malia.* *  The  sympathetic  adheres  to  the  anterior  trunk  of  each 
cervical  nerve  through  a  ganglion.*  '  Having  reached  the  thorax, 
the  ganglia  are  connected  with  those  of  the  dorsal  nerves, 
much  IS  ID  the  Turtle.  In  the  Swan  and  Pelican  a  large  nerve 
from  the  first  thoracic  ganglion  communicates  with  the  pulmonary 
branches  of  the  par  yaguuL* '  The  thoracic  trunk  of  tiie  sympar* 
thetic  is  generally  double  between  each  ganglion.  The  anterior 
ones  give  off  an  anterior  splanchnic  nerve  or  plexus  accom- 
panying the  co^liac  artery  to  the  gizzard  and  liver,  communicating 
with  the  pneumogastric ;  the  posterior  splanchnic  nerve  is  inti- 
mately combined  with  the  adrenal  body,  and 
with  die  testis  or  ovarium.  Intestinal  branches 
accompany  those  of  the  mesenteric  arteries ; 
other  bfanches  supply  the  kidneys,  and  com- 
municate with  long  branches  of  the  spinal 
nerves  destined  for  the  cloaca  and  adjoining 
parts,  and  thus  form  a  plexus  corresponding  in 
some  d^ree  with  that  in  Mammalia  produced 
by  the  junction  of  the  hypogastric  plexus  with 
branches  of  two  or  three  of  the  sacral  nerves. 
The  termination  of  the  sympathetic  is  formed 
by  a  '  ganglion  impar'  near  the  end  of  the 
caudal  vertebras.  The  abdominal  ganglions 
^  in  small  birds  lend  themselves  favourably  to 
o^^nrtunMriiiai^^  demonstration  of  the  structure  of  these 

centres  of  the  sympathetic  system,  becoming 
transparent  under  pressure,  and  permitting  the  nerve-vesides  to 
be  well  distingaished  from  the  nerve-choids :  the  latter  only  are 
represented  in  fig.  50,  showing  the  finer  filaments,  c,  that  bend 
round  the  periphery  of  the  ganglion,  as  if  by  resolution  of  and 
divergence  from  the  main  chords  entering  at  a  and  emerging 
at  b,  b. 

{  140.  Organ  of  Touch  in  Birds, — The  ejntheiial  papilbe* 
sheathed  upon  vascular  ones  of  the  corium'  on  the  sole  of  the 
toes  of  most  Birds  relate  to  mechanical  rather  than  to  sensational 
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ends,  giving  a  closer  grasp  of  the  perch  or  the  ptej,  and  a  firmer 
tread  of  the  hard  ground.  The  digital  villi  are  unusuallj  long  in 
the  Capercailzie  (  Tctrax  urogallus)  enabling  it  to  grasp  with 
more  security  the  frosted  branches  of  the  Norwegian  pine-trees. 
The  integument  of  the  toes  is  sparingly  supplied  with  nerves  in 
all  Birds;  but  it  may  be  supposed  that  the  more  delicately 
papillose  slender  flexible  digits  of  the  smaller  nidificaton  guide, 
by  sensations  analogous  to  touch,  in  the  complex  interweavings 
of  the  materials  of  such  beautiful  structures  as  the  pensile,  domed, 
and  otherwise  adaptively  perfected  nests  fabricated  by  the  Tailor^ 
Hrds,  and  most  CeentoreB. 

Actions  indicative  of  tactile  exploration  have  hitherto  been 
observed  to  be  performed  by  die  bill,  exclusively,  in  Birds. 
Although  in  most  of  the  class  the  horny  sheath  of  the  bill  be 
hard,  sensitive  filaments  of  the  *  fif^h*  nerve  (fig.  53,  e)  are  trace- 
able to  the  papillose  extensions  of  the  vascular  formative  surface 
into  such  sheath.  In  the  Lamellirostrals  the  substance  of  the 
sheath  is  softer  and  its  marginal  lamellae  are  more  abundantly 
supplied  by  the  *  fifth :  *  from  the  tactile  and  selective  actions  of 
the  bill  in  those  Birds,  they  are  called  *  Sifters.'  The  soft  and 
siightly  expanded  end  of  the  long  and  slender  bill  of  some  Grallce 
(Woodcocks,  Snipes)  is  so  organised  for  touch,  that  it  is  used  as 
a  probe  in  soft  ground  to  detect  the  worms,  grubs,  and  slugs  that 
constitute  their  food. 

Peculiar  productions  of  integument,  devoid  of  feafhers,  such  as 
the  *  cere  *  of  Birds  of  Prey,  the  *  wattles '  of  the  Cock,  and  of 
species  of  FhUedanf  Glaueapi*,  and  other  so-called  *  wattle  birds,* 
the  cephalic  caruncles  of  the  King  Vulture  and  Turkey,  &c,liave 
been  loosely  cited  amongst  *  organs  of  touch.' 

{141.  Ofyan  of  Tatie, — The  gustatory  sense  is  very  imper- 
fectly enjoyed  in  Birds,  which,  having  no  manducatory  organs, 
swallow  the  food  almost  as  soon  as  seized.  The  tongue  is 
organised  chiefly  to  serve  as  a  prehensile  instrument,  and  its 
principal  modifications  will  be  treated  of  in  Chapter  XVII. 
It  18  generally  sheathed  at  the  anterior  part  with  horn,  and  is 
destitute  of  papillsB  except  at  its  base,  fig.  51,  0,near  the  aperture 
of  the  larynx,  t;  these  papillas  are  not,  however,  supplied  by  a 
true  gustatory  nerve,  but  by  filaments  of  the  glossopharyngeal. 
No  branch  of  the  fifth  pair  goes  to  the  tongue ;  but  the  mem- 
brane of  the  palate  and  fiiuces  is  so  eui>|)ricd  that  the  sapid 
qualities  of  food  may  be  there  appreciated. 

The  tongue  is  pro|x>rtionally  largest  and  most  fleshy  in  the 
Parrot  tribe,  and  the  food  is  detained  in  the  mouth  longer  in 
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these  than  in  other  Biide.  It  is  triturated  and  comminoted  by 
the  maiidibles,  and  turned  about  by  the  tongue,  which  here  seema 
to  exercise  a  gustatory  faculty,  since  indigestible  parts,  as  the 
coats  of  kernels,  &c.,  arc  rejected.  In  the  Lories  iIk  >  xtremity  of 
the  tongue  is  provided  with  numerous  long  and  delicate  papillss 
or  filaments  projecting  forwards. 

The  marginal  epithelial  papillaa  of  the  tongue  of  the  Toucan^ 
fig.  51,  A,  appear  to  test,  in  the  way  of  touch,  the  ripenesa  or 
mellowness  of  fruit.  Similar  papillaj  at  the  tip  of  the  tongue  of 
many  small  birds  (Humming-birds,  Thrush-tribe,  fig.  75,  B,  Field- 
fare) exemplify  probably  the  tactile  rather  than  the  gustatory 
fiuiulty. 


SI 
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§  142.  Organ  of  Smell. —  The  close  affinity  subsisting  between 
the  eold  and  warm-blooded  Ovipara  is  manifested  in  the  olfactory 
organs.  The  external  nostrils  are  simple  perforations,  having  no 
moveable  cartilages  or  muscles  provided  for  dilating  or  con- 
tracting tlieir  apertures,  as  in  ^lammalia.  The  extent  of  surface 
of  the  pituitary  membrane  is  not  increased  by  any  large  accessory 
cavities,  but  simply  by  the  projections  and  folds  f>f  tlic  turbinals. 
The  olfactory  nerve  passes  out  of  the  skull,  as  a  rule,  in  Birds, 

by  a  single  foramen.  The  Apteryx  and  Dinornis  form  the  ex- 
ceptions. 

Tile  external  nostrils  vary  remarkably  both  in  shape  and  posi- 
tion, and  !«erve  on  that  account  as  zoological  characters.  They 
arc  placed  at  the  sides  of  the  upper  mandible  m  the  majority  of 
Birds,  but  in  some  species  are  situated  at  or  al)ove  the  base  of  the 
bill;  the  latter  is  the  ease  in  the  'J'oucans.  fiL'.  53,  d\  in  the 
Apteri/x  (nistralis  they  arc  found  at  the  extremity  of  the  long 
upper  mandible. 

In  general  they  are  wide  and  freely  open  to  facilitate  the  inha- 
lation of  air  during  the  rajiid  motions  of  the  bird,  but  they  are  so 
narrow  in  the  Herons  as  scarcely  to  admit  the  ]M)lnt  of  a  pin  ; 
and  in  some  relecanida-  they  are  wanting,  and  tlie  odorous  par- 
ticles get  access  to  the  oU'actory  organ  from  the  palate. 

In  tlie  Rasores  the  nostrils  are  partially  defended  by  a  scale. 
In  the  Corvida:  they  are  protected  by  a  bunch  of  stift'  feathers 
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dircrted  forward.  In  tlie  Petrels  tlie  nostrils  are  produced  in  a 
tubular  form,  jtarallel  to  one  another  for  a  short  distance  along 
the  ujjper  part  of  the  mandible,  with  the  ori- 
fices turned  forwards,  fi«j^.  52,  n. 

The  septum  narium,  fif^.  53,  f,  is,  in 
general,  complete,  and  is  partly  osseous,  partly 
cartilatjinous.  It  is  ]ierforatcd  in  the  Swan 
just  opposite  the  external  nostrils,  and  in  the  BiUMd Mrtcito««ti»e flSrt, 
Toucan,  lower  d»)wn,  ib.  h.  The  surface  of 
the  septum  is  ruf!;ose  in  this  binl,  and  the  jntuitary  mend)rane 
which  covers  it  is  hijxhlv  vascular.  The  parietes  of  each  of  the 
nasal  passa<;es  give  attaclnnent  to  three  turhinal  lamina*.  The 
inferior  one  is  a  simj)le  fold  adhering  to  the  lower  and  anterior 
part  of  the  septum  narium  ;  it  is  j)artially  ossified  in  some  Ra~ 
sores.  The  middle  turhinal  is  the  largest:  it  is  of  an  inliuulibular 
figure,  and  adheres  by  its  bas^e  to  the  se])tum  and  externally  to  the 
side-wall  of  the  nose.  It  is  convoluted  with  two  turns  and  a  half 
in  the  Anserine  Binl<.  but  in  many  birds  it  is  compressed  and 
forms  only  one  turn  and  a  half.     The  superior  turbinal  t,  sf', 

53 


fig.  5G,  generally  presents  the  f«)rm  of  a  bell ;  it  is  more  or  less 
ossific<I  at  its  base,  l)ut  mostly  cartilaginous,  and  adheres  to  the 
iipl>er  part  oi'  the  prefrontal.  It  is  hollow,  and  divided  into 
two  compartments,  which  are  prolonged  in  a  tubular  fonn;  the 
internal  one  extends  toward  the  orbit,  the  external  terminates 
behind  the  middle  turbinal  in  a  cul-de-sac.  The  turbinal 
8Up|K>rts  of  the  pituitary  membrane  may  be  membranous 

a  2 
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gristly^  or  bony,  aod  in  different  proportionB.  The  latter  is 
their  texture  in  the  Toucan,  in  which  the  olfactory  oigan  Is 
confined  to  the  base  of  the  huge  upper  mandible,  fig.  53,  d,  e,  the 

meatus  describing  a  vertical  sigmoid  curve.  At  its  oommencement 
it  is  cylindrical,  then  dilates  forward  to  receive  the  outermost  tur- 
binal,  and  bends  backward  to  admit  the  projection  of  two  ethmo- 
tuH)inals  :  after  which  it  descendfl  vertically  to  the  palate,  e.  The 
pituitary  lining  of  the  meatus  is  not  continued  or  reflected  into 
the  contiguous  pneumatic  structure  of  the  bill,  a,  b. 

In  most  Birds  the  nasal  passages  communicate  with  the  palate 
and  pharynx  by  two  distinct  but  contiguous  apertures:  in  some, 
e.  g.*,  the  Connonnt  and  Gannet,  the  passages  unite  and  tenninate 
by  a  single  aperture. 

The  olfactory  nerves  are  distributed  to  the  pituitary  mem- 
brane of  the  septum  narium,  and  of  the  superior  and  middle,  or 
ethmo-,  turbinals ;  the  lower  turbinals  being  supplied  by  the  fifth 
nerves.  The  membrane  is  most  vascular  and  delicate  on  the  ethmo- 
turbinals;  and  these  acquire  an  imusual  size  in  the  Apteryx, 
where  they  are  attached  to  the  whole  outer  part  of  the  prefron- 
tals, answcrinii;  to  the  *  o«?  planuin/  which  makes  a  large  convex 
projection  l)etuceii  -.ind  l)elow  the  orbits.  This  bird  appears 
to  be  guided  by  the  sense  of  smell  to  the  worms  that  form  its 
food,  the  outer  nostrils  being  at  the  end  of  the  long  probe-shap«l 
bill.  The  olfactory  nerves  are  ])roportionally  largest  in  the 
Apteryx,  and  are  sent  off  in  numerous  filaments  from  the  rhineu- 
cephalon,  by  a  cribriform  plate,  to  tlie  nose.  Thv  extinct  Dinornis 
had  a  bimilar  developement  of  the  organ  of  smell.  In  the  Vulture 
the  olfactory  nerve  is  single  on  each  side,  and  continued  from  an 
olfactory  ganglion,  or  *  rhinencephalon,*  along  the  upper  part  of 
the  intcrorbital  si)acc  \o  be  distributed  upon  an  upjicr  and  middle 
turltinal,  the  latter  being  the  largest  In  the  Turkey  the 
obaetory  nerve  is  one-fifth  the  size  of  that  in  the  Vulture,  and 
is  ramified  on  a  small  middle  turbinal,  there  l)eing  no  extension  of 
the  pituitary  membrane  over  a  superior,  or  cthmo-turbinal.'  This 
result  of  comparative  anatomy,  and  the  observed  differences  in 
the  habits  and  food  of  the  Vulture  and  Turkey,  ])oint  to  the 
greater  im|)ortance  and  exercise  of  the  sense  of  smell  in  the 
carrion-eating  raptorial  bird.  But  it  has  been  sought  to  invnlidate 
the  inference  by  cei  iain  well-known  experiments,  ^h.  Audubon 
exposed  the  skin  of  a  deer,  stuffed  with  hay,  and  in  a  few  minutes 
a  Vulture  flew  towards  and  alighted  near  it,  attacked  the  seeming 
carcass  in  the  usual  way,  and  tore  open  the  seams  of  the  skin ; 

'  XXXV.  p.  34, 
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when,  finding  nothing  eatable,  the  bird  flew  awa}r.  Hence  the 
American  ornithologist  concludes  that  the  Vulture  is  led  to  its 
game  bj  sight  alone.  But  the  truer  deduction  may  he  thaty 
having  always  received  impressions  from  sight,  combined  with 
and  confirming  those,  in  some  cases  the  first  received,  from  smell, 
the  Vulture  was  unwilling  to  disbelieve  its  own  eyes,  though  the 
odour  was  absent  It  may  often  have  been  led  by  sight  to  the 
carcass  of  a  dying  beast,  or  one  dead  too  soon  for  any  putre- 
fiu^ve  emanations  to  have  escaped,  and  so  it  mistook  the  stuffed 
deer  ibr  a  recently  dead  one.  In  a  converse  experiment,  a  dead 
hog  being  concealed  in  a  ravine,  and  covered  with  briers  and 
cane, '  many  Vultures  were  seen  from  time  to  time  sailing  over 
the  spot  where  the  putrid  carcass  was  hid,*  but  none  of  them 
attempted  to  expose  it:  whilst  several  dogs  found  their  way  to  it, 
and  devoured  the  flesh.' '  The  right  inference  from  this  experi- 
ment is,  that  the  Vultures  were  attracted  by  the  putre&ctive 
eflluvia;  but,  having  always  associated  sight  with  smell,  and 
having  neither  the  burrowing  power  of  Ihe  dog,  nor  the  habit  of 
hunting  exclusively  by  scent,  they  were  baffled. 

{  143.  Orffan  of  Hearing, — The  general  character  of  this 
organ  resembles  that  in  Reptilia,  but,  as  Hunter  well  remarks, 
'  there  is  a  neatness  and  precision  in  the 
structure  which  is  not  to  be  found  in  the 
Tricmtia,^*  The  whole  of  the  primitive 
cartilaginous  acoustic  capsule  is  ossified 
and  confluent  with  contiguous  elements 
of  cranial  vertebne,  and  there  is  a  better 
defined  and  usually  deeper  fossa  or '  mean 
tus*  external  to  the  ear-drum.  In  most 
Birds  a  fold  of  integument  projects  from 
the  fore  part  of  the  meatus  ;  this  is  largest 
in  the  Owls,  but  the  oar-drum  is  not  pro- 
tected by  one  so  dovolopcd  as  to  form  a 
conspicuous  '  r(»iicir  or  '  aurick'.'  At  most, 
iti  sonic  Birds,  as  the  Bustard,  fig.  54,  dy 
Ostrich  ;uid  r)\vls,  j>articidar  feathers  are 
so   devchjped   and  arranrrcd  around  the 

lUCatut  mnrixln,  as  in  serve  the  Otliee  of*  an     HeadandaurteHof  Biut*rd.wlUi 

cnrlnl  ■If'WlL  kxmi% 

external  ear  :  the  auricular  feathers  lieinp^ 

raised  and  directed  so  as  to  catch  and  eoneentrate  the  vibrations 
of  sound  that  may  liave  excited  the  bird's  attention. 

■  XXXU*.  vol.  il  p.  34  ;  Vol.  Y.  p.  845.  *  Y«l.  i  pk  SOS. 
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The  Isbyimth  or  internal  ear  consiBts  of  the  '  vestibule,*  three 
semicircular  cnnalB,  and  beginning  of  the  cochlea.  The  vestibule 
is  smaller  in  proportion  to  the  other  parts,  but  is  longer  than  in 
RepHlia,  The  superior  semicircular  canal,  fig.  65,  A',  it  usually 
the  largest,  as  in  the  Owl;  but  it  is  relatively  smaller  in  most 
Cantoret :  the  external  canal,  t,  inosculates  at  m  with  Ihe  horizon- 
tal one  k,  but  the  chief  communications  of  the  canals  are  through 
the  medium  of  the  vestibule.  The  ends  of  the  canals  where  the 
acoustic  nerves  enter  are  expanded  into  *  ampulks,'  ib.  /,  and  the 
nerves  are  supported  in  exquisitely  delicate  vascular  membranes 
lining  the  cands,  and  slightly  projecting  into  the  ampullss. 

The  cochUa  is  represented  by  an  obtuse  osseous  conical  cavity, 
fig.  55,  R,  longer  than  in  the  Crocodile,  very  slightly  bent,  with  the 


left  between  the  cartilages,  is  dilated  near  the  point,  and  accom- 
modates the  same  branch  of  the  auditory  nerve,  which  is  sent 
to  the  cochlea  in  Mammals.  This  nerve  spreads  in  fine  fila^ 
ments  upon  the  united  extremity  of  the  cartilaginous  cylinders. 
The  cavity  is  divided  by  the  presence  of  the  cartilages  into  two 
'scale,'  tiie  anterior  of  which  communicates  with  the  vestibule 
and  is  not  closed;  the  posterior  scala  is  shorter,  and  would 
communicate  with  the  tympanum  by  the  foramen  ovale,  were  it 
not  closed  by  a  membrane.  Besides  these  parts  the  cochlea 
still  contains  a  trace  of  the  cretaceous  substance  which  forms  so 
conspicuous  a  part  of  the  organisation  of  the  internal  ear  in 
Fishes.  The  Struthions  Birds  manifest  their  closer  relatiim  to 
the  Reptilia  by  having  the  cochlea  smaller  in  proportion  to  the 
other  parts  than  in  the  ears  of  birds  of  flight. 

The  cavity  of  the  tympanum  has  been  already  described,  p.  62 : 
besides  the  communications  with  the  air-cells  of  the  surrounding 
bone,  it  is  continued  by  the  *  eustachian'  tube,  fig.  55,  to  the 
palate :  to  the  membrane  dosing  the  <  foramen  ovale'  is  applied  the 


concavity  directed  backward.  Its 
interior  is  occupied  by  two  small 
cylinders  of  fine  cartilage,  each  a 


^  litde  twisted,  and  united  by  a 

/  thin  membrane  at  their  origin  and 

y  termination.   They  proceed  from 

'?  the  osseous  bar,  which  separates 


the  two  foramina,  communicating 
s   respectively,  the  one,  'foramen 


IV   rotundum,'  with  the  vestibule,  the 
other,  'foramen  ovale,'  with  the 


tympanum.   The  sulcus,  which  la 
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base  of  the  columelliloi  in  stapes  :  the  much  lar*:^er  external  aperture 
of  the  tympanic  cavity  is  closed  l)v  the  ear-<li  unij  e.  This  is  con- 
vex otitwar  Ily,  scniitransparent  and  glistening:  the  proper  *  mem- 
braiiii  lytiijnini''  is  lined  by  that  of  the  tympanic  cavity,  which 
is  continued  into  the  eustachian  tube  ;  and  is  (•o\  crcd  externally 
by  an  epithelial  layer,  continuous  with  that  of  tlie  meatus:  the 
former  is  more  intimately  united  with  the  proper  membrane. 
In  this  may  be  discerned  an  outer  layer,  showing  more  distinctly 
a  structure  of  radiating  fibres,  and  one  inner,  thicker,  and  Ies3 
distinctly  fibrous  layer. 

The  margin  of  the  ear-drum  is  set  in  a  groove  ol  h  no,  afforded 
l)y  or  attaclidl  to  the  tyinpauif  anteriorly,  the  mastoid  above,  and 
the  puroccipital  behind.  One  or  mure  points  of  ossification  may 
be  set  up  in  the  thick  |)oriphery  <>f  tlie  drum,  which  coalesce 
uiUi  the  abnvc-nameil  bones.  The  nionibraAie  of  the  vestibide, 
parsing  a<  r>  ->  the  foramen  ovaK%  becomos  a  little  thickened  where 
it  adhere>  to  the  margin  of  the  disc  of  the  .stripes :  the  connection 
is  sMcli  as  to  a«hnit  of  asliL^lit  movement  of  the  ossicle.  From  the 
<lisk  the  bone  is  continned,  of  a  slender  form,  like  a  pe^iicle,  to  the 
cartilaginous  bifurcation,  and  this  is  coiniected  by  a  larger  cartilagi- 
nuns  ])latc,  representing  the  *  malleus,'  to  the  membrana  tynipaui, 
at  c,  fig.  ')').  To  the  latter  cartilage,  a.s  to  tlie  ossified  and  coalesced 
incus  and  mallcu>  of  Marsupials,  is  attached  the  chief  muscle  of  the 
cMi  -'li  tun.  a  ■  tensor.'  fig.  :  it  arises  f  rom  a  dejiression  in  theba- 
i;isi)lienoi<l,  enters  the  tymj)anic  cavity  above  the  beginning  of  the 
eustachian  tube,  and  by  its  insertion  into  juid  action  upon  tluMual- 
h'us.  tcndri  to  push  the  membrane  outward:  it  is  counteracted  by 
two  .small  cords  extended  to  the  inner  wall  of  the  tympanum  :  but 
tiie  mnscuhir  character  of  them  ia  doul)tful,  and  the  ear-drum  re- 
sumes its  not  iu  il  >t:i!<  when  the  tensor  ceases  to  act.  The  eusta- 
chian tube,  fig.  .JO,  c,  IS  cx)ntinued  from  the  lower  and  back  part  of 
the  tympanic  cavitv,  grooves  the  sides  of  the  basisphenoid,  as  it 
converges  toward  its  fellow,  witli  wliich  it  unites,  in  most  Birds, 
to  tcrmioate  by  a  common  aperture  behind  the  posterior  or  palatal 
uares. 

§  144.  On/tin  of  Sight  in  Birds. — The  avian  peculiarities  of  the 
eye  cbieflv  relate  to  the  extraonliuary  powers  of  locomotion  in 
this  class,  a<ljusiuig  vision  to  a  rapid  change  of  distance  in  the 
objects  \irvvrd,  and  facilitating  their  distinct  perception  through 
a  rare  medium. 

There  is  uti  speeieH  of  IhuI  in  whifh  the  eyes  are  wanting,  or 
rudimentary,  a.s  wcurs  in  tlic  other  \(  ru  brate  classes. 

The  eyc»  of  Birdi»  are  remarkable  for  their  great  size,  both  as 
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compared  with  the  brain  and  with  the  entire  head,  fig.  56,  being 
analogous,  in  thia  respect,  to  the  eyes  of  some  of  the  flying 
insects.  Their  form  is  admirably  adi^ted  to  promote  the  objects 
aboTC  named.  The  anterior  segment  of  the  eye  is  more  promi- 
nent than  in  any  other  class  of  animals,  and  is  in  many  Birds 

prolonged  into  a  tubular  form, 
terminated  by  a  very  convex  cor- 
nea, fig.  137,  e\  the  Owl  fur- 
nishes the  best  example  of  the 
disproportion  between  the  ante- 
rior and  posterior  divisions  of  the 
globe,  the  axis  of  the  anterior 
portion  being  twice  as  great  as 
that  of  the  other.  This  gives 
room  for  a  greater  proportion  of 
aqueous  fluid,  and  by  removing 
the  crystalline  lens  from  the 
retina,  causes  a  greater  converg- 
ence of  the  ray  s  of  light,  l>y  ■which 
the  noctiirual  bird  is  enabled  to 
discern  the  (»bjcots  placed  near  it, 
and  to  see  with  a  weaker  light. 
The  antciior  division  of  the  eye 
is  least  convex  in  the  Swimming 
Birds.  The  untero-posterior  dia- 
meter is  to  the  transverse  as  19  to  26  in  the  Swan,  and  as  17  to 
20  in  the  Duck. 

The  sclerotic  coat,  fig.  .'57,  h,  is  divisible  into  three  hiyers. 
It  is  thin,  flexible,  and  somewhat  elastic  jwsteriorly,  where  it 
presents  a  bluish  shining  apj)earance,  but  anteriorly  its  form  is 
maintained  by  a  circle  of  osseous  plates  or  scales,  ib.  tf,  fig.  2(),  17, 
interposed  l)etween  the  exterior  and  middle  layers.  These  plates 
vary  from  thirteen  to  twenty  in  number,  and  are  situated  imme- 
diately behind  the  cornea,  with  their  edges  overIa])ping  each 
other.  They  are  in  general  thin,  and  of  an  oblong  quadrate 
figure,  becoming  elongated  from  before  backward  in  proportion 
as  the  bird  possesses  the  power  of  changing  the  convexity  of 
the  cornea.  In  the  Owls  they  extend  from  the  cornea  over  the 
long  anterior  division  of  the  eye  to  the  posterior  hemisphere, 
which  they  also  contribute  to  form.  The  figure  of  the  eye  i;i 
thus  maintained,  notwithstanding  its  want  of  sphericity. 

The  bony  plates  arc  (•apal)le  of  a  degree  of  motion  ujKjn  each 
other,  which  is,  however,  restruiued  within  certain  limits  by  the 
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attachments  of  their  anterior  and  posterior  edges  to  the  sclerotic 
coat ;  and  by  their  being  bound  together  by  a  tough  ligamentous 
substance,  as  it  were  the  continuation  of  the  sclerotic  between 
the  edges  that  overhip  eacli  otlier. 

Tlie  cornea^  fig.  57,  c,  possesses  the  same  structure  as  in  Mam- 
malia, l)ut  differs  with  resj)ect  to  form.  When  the  posterior  part 
of  the  eye  is  compressed  by  the  muscles,  the  liumours  are  urged 
forward  and  distend  the  cornea ;  which,  at  that  time,  becomes 
more  prominent  than  in  Mammalia ;  and  under  such  circum- 
stances, the  eye  is  in  a  state  for  perceiving  near  objects.  When 
the  muscles  are  relaxed,  the  contents  of  the  eyeball  retire  to  the 
posterior  part,  and  the  cornea  becomes  flatter:  this  is  the  con- 
dition in  which  we  find  the  eye  of  a  dead  l)ird,  but  we  can  liave 
no  opportunity  of  perceiving  it  during  life.  It  is  only  jiractised 
for  the  purpose  of  rendering  objects  visible  that  are  placed  at  an 
extreme  distance.  From  the  well-known  effects  of  form  ujM)n 
refracting  media,  it  must  be  presumed,  that  the  cornea  is  least 
c(mvex  when  a  bird  which  is  soaring  in  the  higher  regions  of  the 
air,  and  invisible  to  us,  discerns  its  prey  upon  the  earth;  \i»  form 
will  change  as  the  bird  descends  with  unerring  flight  to  the  spot, 
as  is  customary  with  many  of  the  rapacious  tribe. 

On  reflecting  the  sclerotica  fn>m  the  choroid,  W 
a  grey  substance  is  seen  upon  the  fore  ]):irt  of  ^ 
the  latter,  like  a  ring:   it  consists  ctl  iil)res      ^^^^Ljj^^^ « 
showing,  like  those  of  the  iris,  the  transverse  r^^^fr^j^^^l 
stria%  and  which  serve  to  attac-h  the  ch<»roi(I  to  ^ ^^^^h-^^^^ 
the  sclerotic  j)latcs  and  contiguous  margin  of  * 
the  coniea.     Tliese  fibres  are  regarded  by  the   aeetioa of  cv«mi. fWte. 
anatomist,  who  first  called  attention  to  their  «iwr. 
muscular  nature  in  Birds,  as  helj)ing  *  to  accommodate  the  eye  to 
the  dift'erent  distances  of  objects,'  being  supposed  to  act  upon 
the  cornea  in  a  maimer  analogous  to  that  of  the  muacles  of  the 
diaphragm  upon  its  tendinous  centre.' 

The  choroid  rant  is  a  loosely  cellular  and  highly  vascular  mem- 
brane, devoid  of  '  ta[)etum,'  and  cr>plously  covered  or  saturated  with 
a  black  pigment.  Opp<isite  the  bony  circle  the  choroid  separates 
into  two  layers :  the  external  layer  is  the  thinnest,  and  adheres  at 
first  finnly  to  the  sclerotica,  after  which  it  is  produced  freely 
inwards  to  fonu,  or  be  continuous  with,  the  iris. 

Tl  ic  iris,  fig.  r)7,  r,  Is  delicate  in  its  texture,  which  under  the  lens 
appears  comjinsed  ot' a  fine  network  of  interlacing  fibres,  but  it  is 
remarkable  ior  the  activity  and  extent  of  its  movements,  which 
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seem  in  some  Birds  to  be  voluntBiy.  The  contraction  and  dilata- 
tion of  the  pupil,  independentlj  of  mj  change  in  the  quantity  of 
light  to  which  the  eye  is  exposed,  is  most  conspicuous  and  re- 
markable in  the  Parrot  tribe^  but  it  has  been  observed  also  in  the 
Cassowary  and  other  birds.' 

The  colour  of  the  iris  is  subject  to  many  varieties,  which  fre- 
quently display  great  brilliancy,  and  afford  zoologists  distinguish* 
ing  specific  characters  of  Birds ;  although  these  cannot  always  be 
implicitly  relied  upon.  The  breadth  of  the  iris  varies  in  diffe- 
rent species,  but  is  greatest  in  Birds  which  take  their  food  in  the 
gloom,  c.  g.,  Owls  and  Nightjars,  in  order  that  the  pupil  may  be 
proportional ly  enlarged  to  admit  as  much  light  as  possible  to  the 
retina.  The  ciliary  nerves  and  vo?se!>  run  in  the  form  of  single 
trunks  between  tlie  choroid  and  sclerotica,  and  terminate  ante- 
riorly III  several  ring-shaped  plexuses  for  the  supply  of  the  irb 
and  of  the  muscular  circle  of  the  cornea.  The  pupil  is  usually 
round  :  in  the  Goose  and  Dove  it  is  elongated  transversely,  and 
in  the  Owls  is  vertically  oval. 

The  inner  layer  of  the  choroid  is  thicker  than  the  external,  and 
is  disposed  in  numerous  thickly  set  pliciB  radiating  towards  the 
anterior  part  of  the  crystidJine  lens,  where  they  terminate  in 
slightly  projecting  cilinrt/  proeettes,  fig.  57,  J,  the  extremities  of 
which  adhere  firmly  to  the  capsule  of  the  crystalline.  These 
processes  are  the  most  numerous,  close  set,  and  delicate  in  the 
Owl :  they  are  proportionally  larger  and  looser  in  the  Ostrich. 

The  chief  peculiarity  in  tlie  eye  of  the  Bird  is  the  marsupium 
or  per  fen,  \h.  f,  which  is  a  ])lientcd  vaseular  membrane  analogous 
in  strnrtiire  to  (he  ehornid,  and  eqnally  blackened  by  the  pig- 
ment uni  ;  situated  in  the  vitreous  liuniour  anterior  to  the  retina, 
and  extending  from  the  point  where  the  o|»iic  nerve  penetrates 
the  ove  to  a  greater  or  le,«s  distance  forward,  ])eing  in  many  Biixls 
att;i(  iit'd  to  the  posterior  ])art  of  tiie  capsule  of  the  lens.  As  its 
posterior  point  of  attachment  is  not  to  the  choroid  ])iit  to  the 
terminntion  of  the  optic  nerve,  this  requires  to  be  first  described. 

When  tlie  o])tie  nerve,  ib,  arrives  at  the  sclerotie,  it  ta]>ers 
into  a  long  conical  extremity,  which  glides  into  a  sheath  of  a 
corresponding  figure,  excavated  in  the  substance  of  that  mem- 
brane, and  directed  downward  and  obliquely  forward.  The 
central  or  inner  layer  of  this  sheath  is  split  longitudinally,  and  the 
plicated  substance  of  tlie  nerve,  fig.  48,  passes  through  this  fissure. 
A  fcunilar  but  longer  fissure  exists  in  the  corresponding  part  of 
the  choroid :  so  that  Uie  extremity  of  the  optic  nerve  presents  in 
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the  interior  of  the  eje,  instead  of  a  round  disc,  as  in  Mammalia» 
a  white  narrow  streak,  from  the  extremities  and  sides  of  which 
the  retina  is  oontinued.  Branches  of  the  ophthalmic  artery,  dis- 
tinct from  the  yessels  of  the  choroid,  and  homologous  with  the 
arteria  eentralU  rethuB,  enter  the  eye  hetween  the  laminsB  of  the 
retina,  along  the  whole  extent  of  the  oblique  slit  above  mentioned, 
and  immediately  penetrate  the  folds  of  the  marsupial  membrane, 
upon  which  they  form  delicate  ramifications.  These  vessels  are 
shown  in  fig.  58,  representing  the  excised  marsupium  unfolded 
and  spread  out. 

The  marsupium  is  lodged  like  a  wedge  in  the  substance  of  the 
vitreous  humour,  in  a  vertical  plane,  dh^ted  obliquely  forward. 
In  those  species  in  which  the  marsupium  is  widest,  the  angle 
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next  the  ("nnica  reaches  tlic  inferior  edj^e  of  the  ea]»sule  of  the 
rrystalline;  hut  where  it  is  narrow,  tlie  wliole  anterior  horder  is 
in  rontai't  with  tlio  same  j)oint.  This  contaet  is  elose  in  some  Birds, 
as  tlic  X'ulture,  Parrot,  Turkey,  Cassowary,  Stork,  Croose,  and 
Swan  hut  in  other  Birds  tlie  marsu]>ium  does  not  extend  further 
than  two-thirds  of  the  distance  from  the  hack  part  of  the  eye,  and  is 
attached  at  its  anterior  extremity  to  some  of  tlie  numerous  himinac 
of  the  liyaloid  memhrane  wliich  iorm  the  cells  for  the  lo<l«^nu'nt 
of  the  vitreous  humour.  In  these  cases  the  marsu])ium  can  have 
no  iniluencc  (»n  the  movements  of  the  lens,  unless  it  he  endowed 
with  an  erectile  ]>roperty,  and  he  so  far  extended  as  to  push  for- 
ward the  lens.  There  is  no  uiu-cular  structure  in  the  marsupium; 
and  its  ehanjxes  of  form,  if  such  oe«*ur  in  the  livin«j  hird,  must  he 
c  H'ected  hv  chan«rcs  in  the  condition  of  the  vessels  of  which  it  is 
almost  e\elusiv»'ly  composed. 

The  form  of  the  niarsupium  varies  in  different  liirds ;  it  is 
hmader  than  it  is  Iofj;_r  in  the  Stork,  Heron,  Turkey,  and  Swan; 
and  <if  the  c(mtrary  dimeu.'^ioiis  in  the  Owl,  Ostrich,  and  Casso- 
wary.   The  plicae  of  the  membrane  are  perpendicular  to  the 
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terminal  line  of  the  optic  nerve ;  they  are  of  a  rounded  figure  in 
most  species,  but  in  the  Ostrich  and  Cassowary  they  are  com' 
pressed^  and  so  far  inclined  from  the  plane  of  the  membrane,  that 
their  convergence  towards  ite  extremity  gives  it  a  resemblance  to 
a  close-drawn  purse*'  The  folds  vary  in  number,  being  four  in 
the  Cassowary,  seven  in  the  Great  Homed  Owl,  eight  in  the 
Maccaw,  from  ten  to  twelve  in  the  Duck  and  Vulture,  fifteen  in 
the  Ostricl),  sixteen  in  the  Swan  and  Stork,  and  still  more  nu- 
merous in  the  Insessorial  Birds,  amounting  to  twentj-eight» 
according  to  Soemmerring,  in  the  Fieldfare. 

The  exact  functions  of  the  marsupial  membrane  are  still  in- 
volved in  obscurity.  Its  {wsition  is  such  that  some  of  the  rays  of 
light  procee<ling  from  objects  laterally  situated  with  respect  to 
the  eye  must  fall  upon  and  be  a))Horbcd  by  it ;  and  Petit  ac- 
cordingly supposed  tliat  it  cnTitributed  to  reader  more  distinct  the 
perception  of  objects  placed  in  front  of  the  eye. 

Some  physiologists  have  supposed  that  this  blnck  membrane 
was  extended  toward  the  centre  of  the  eve,  where  the  luminous 
rays  arc  most  jKiv/crfidly  concentrated,  in  order  to  abstirb  the 
excess  of  intense  light  to  whicii  Birds  are  exposed  in  soaring  aloft 
against  the  blazinir  sun.  Otliors  have  considered  it  as  the  gland 
of  the  vitK  liimiour,  and  that,  ns  this  fluid  must  be  rapidly 
consumed  during  the  frequent  and  energetic  use  made  of  the 
visual  organ  by  Birds,  it  therefore  might  require  a  superadded 
vascular  structure  for  its  reproduction. 

The  marsupiuni  may  act  as  an  erectile  organ,  and  occupy  a 
variable  space  in  the  vitreous  humour  :  when  fully  injected,  there- 
fore, it  will  tend  to  push  forward  the  lens,  either  directly  or 
through  the  medium  of  the  vitreous  humour,  wliicli  must  be  dis- 
placed in  a  degree  correspuiding  to  the  increa-sed  size  of  the  mar- 
supitim ;  the  contrary  effects  will  ensue  when  the  vjuscular  action 
is  diimnished.  The  nocturnal  Aptert/x,  in  which  the  eye  is  so 
small,  shows  also  tJic  exception  of  the  absence  of  the  marsupiuni. 

The  retina  is  continued  from  the  circumference  of  the  base 
of  the  marsupiuni,  and  after  unfolding  its  plicje  expands  into 
a  smooth  layer  of  medullary  matter,  which  seems  to  terminate 
at  the  periphery  of  the  cor|)us  ciliure.  In  the  Owls  not  more 
than  half  the  globe  of  the  eye  is  lined  by  the  retina;  it  ceases  in 
fact  where  the  eye  loses  the  spherical  lurm  at  the  base  of  ilic 
anterior  cylindrical  portion, 

*  The  Piririaii  Academteiaiif,  who  took  their  descrijiiion  of  this  part  from  the 
Ostrich,  first  applied  to  it  the  name  ciManiipium  or  Bowne,  xl% 
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The  faumoiiTS  of  the  eye  no  leaa  correspond  to  the  peculiar 
Tision  of  the  Bird,  and  the  rare  medium  througli  which  it  is 
destined  to  move^  than  the  shape  of  the  globe  and  the  texture  of 
its  coats. 

The  aqueous  humour  is  extremely  abundant,  owing  to  the 
extent  of  the  anterior  chamber  gamed  hj  the  convexity  of  the 
cornea,  and  its  reactive  power  must  be  considerable  in  the 
higher  regions  of  the  atmoBphere.  The  membrane  incloBiiig  it 
can  be  more  readily  demonstrated  in  Birds  than  in  most  Mammals, 
especially  where  it  adheres  to  the  free  edge  of  the  iris.  The  large 
size  of  the  ciliary  process^  may  have  the  same  relation  to  the 
reproduction  of  the  aqueous,  as  the  marsupium  is  supposed  to  haye 
with  reference  to  the  >ntreous,  humour. 

The  crystalline  lens  is  remarkable  for  its  flattened  form,  espe- 
cially in  the  high-soaring  Birds  of  Prey;  it  is  also  of  a  soft 
texture,  and  is  without  the  hard  nucleus  found  in  Fishes  and 
liepliles.  In  the  Cormorant  and  other  birds  which  seek  their 
food  in  water,  the  crystalline  is  of  a  rounder  figure,  and  this  is 
peculiarly  the  case  in  the  nearsighted  Apteryx  and  Owls  which 
hunt  for  prey  in  obscure  light.  It  is  inclosed  in  a  distinct 
capsule,  which  adheres  very  firmly  to  the  depression  in  the  an- 
terior })art  of  the  vitreous  humour ;  the  capsule  is  itself  lodged 
between  two  layers  of  the  membrana  hyaloidea,  which,  as  they 
recede  from  each  other  to  pass — the  one  in  front  and  the  other 
behind  the  lens — leave  round  its  circumference  tlic  sacculated 
canal  of  Petit>. 

The  vessels  of  the  lens  arc  derived  from  those  of  the  niareu- 
pium,  whieh,  as  before  observed,  arc  ramifications  of  the  homo- 
loffuc  of  the  arteria  centralis  retina; :  this  is  not  continued  as  a 
simple  branch  from  its  orijrin  tu  the  marsuj)iura;  but,  imme- 
diaU  ly  before  penetrating  the  coats  of  the  eye,  it  breaks  into 
numerous  subdivisions,  the  a^'i:;regate  of  which  is  jrreater  than  the 
trunk  whence  they  proceed,  and  these  arram  unite,  fonning  a 
plexus,  f,  fi{^.  .39,  close  U)  the  external  side  of  the  optic  nerve. 
The  artery  of  the  marsupium  proceeds  fntm  this  plexus,  and  runs 
along  the  base  of  the  fohl?*,  giving  off  at  right  angles  a  branch  to 
cucli  I'old,  which  in  Iiiu  nuuiner  sends  off  smaller  ramuli,  fig.  08. 
The  plexus  ut  the  origin  of  the  niaraupial  artery  serves  as  a 
reservoir  for  piipplying  the  !)lood  required  for  the  occasional  full 
injection  i  t!ie  marsupium;  and  a  similar  but  larger  plexus,  fig. 
.09,  4,  is  turiiie<l  at  the  origins  of  the  ciliary  arteries  which  supply 
the  erectile  ti?tf«uc  of  the  ciliary  jirocesses  and  iris. 

The  vUnoiu  humour  presents  few  peculiarities  wortliy  of  note; 
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compared  with  the  aqueouB  humoar,  it  is  firoportioiially  leas  in 
quantity  than  in  the  ejes  of  Mammals.  The  outer  capsule  formed 
by  the  hyaloid  membrane  is  stronger,  and  can  be  more  easily 
separated  from  the  humour. 

The  eyeball  is  moved  in  Birds  by  four  straight  and  two  ob- 
lique muscles.  The  Recti  muscles  arise  from  the  cireumference 
of  the  optic  foramen,  and  expand,  as  they  pass  forward,  to  be 
inserted  into  the  soft  middle  part  of  the  sclerotic.   We  have  not 

been  able  to  trace  their  insertion  dis- 
tinctly to  the  osseous  circle ;  their  apo- 
neurosis cannot  be  reflected  forward  from 
the  sclerotica  without  lacerating  that 
membrane. 

The  ObUqui  both  arise  very  near  to- 
gether from  the  anterior  parietes  of  the 
orbit,  and  go  to  be  inserted,  the  one  into 
the  upper,  the  other  into  the  lower  part 
of  the  globe  of  the  eye;  the  superior 
obliquus  does  not  pass  through  a  pulley, 
as  in  Mammalia.  All  the  muscles  are 
proportionally  short  in  this  class,  but  especially  so  in  the  Owls, 
in  which  the  eye,  from  its  large  size  and  close  adaptation  to  the 
orbit,  can  enjoy  but  very  little  motion.  In  figs.  56  and  59,  a  ia 
the  rectus  superior  or  attollens ;  b  the  rectus  inferior  or  deprimenM\ 
c  the  rectus  externus  or  abducens;  d  the  rectus  itiiemuM  tut  addm* 
cens;  e  the  obliquus  superior;  f  the  obliquus  inferior;  g  the 
quadratus ;  h  the  jti/ramtdalis. 

The  accessory  parts  of  the  eye  in  Birds  are  similar  to  those  of 
the  higher  Heptiles.  l^ere  are  three  eyelids,  two  of  which  more 
vertically,  and  have  a  horizontal  commissure,  while  the  third, 
which  is  deeper-seated,  sweeps  over  the  eyeball  horizontally, 
from  the  inner  to  the  outer  side  of  the  globe.  The  vertical,  or 
upper  and  lower  eyelids,  are  composed  of  the  common  intejju- 
ment,  of  a  layer  of  conjunctiva,  and  between  these  of  a  liiru- 
mentous  aponeurosis,  which  is  continued  into  the  orbit,  and  line* 
the  whole  of  that  cavity.  The  lower  eyelid  is  the  one  which 
generally  moves  in  closing  the  eye  in  slecj),  and  it  is  further 
strengthened  l>y  means  of  a  smooth  oval  cartilaginous  plate,  whicii 
is  situated  between  the  ligamentous  and  conjunctive  layers. 

The  orbicularis  muscle  is  so  disj)osed  as  by  means  of  this  plat<! 
to  act  more  powcrriilly  in  raising  the  lower  than  in  dej)re!ising 
the  upper  eyelid.    In  the  latter  it  is  continued  immediately  along 
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the  maigin :  in  the  lower  eyelid  the  tarsal  cartilage  intervenes 
between  the  raueclc  and  the  cili:irv  margin. 

The  levator  palpebr<B  ntperiorts  arises  from  the  roof  of  the 
orbit,  and  is  inserted  near  the  external  angle  of  the  lid.  There  is 
also  ail  express  muscle  for  depressing  the  lower  eyelid,  as  in  the 
Crocodile.  In  the  Owls  and  Nightjar  {Caprimulffus)  the  eyelids 
are  closed  |)rincipal)y  by  the  depression  of  the  upper  one.  There 
are  hut  few  Birds  that  possess  eyelashes;  of  these  the  Ostrich  is  an 
example,  as  also  the  Hombills  and  the  Owls,  in  which  thej  are 
arranged  in  a  double  series ;  but  here  they  are  rather  to  be  con- 
sidered as  feathers  with  short  barbs^  than  true  eyelashes. 

The  third  eyelid,  or  membrana  nictitans,  is  a  thin  membrane, 
transparent  in  some  Birds,  in  others  of  a  pearly  white  colour. 

Two  muscles  are  especially  provided  to  effect  its  movements, 
but  are  so  placed  as  to  cause  no  obstruction  to  the  admission  of 
light  to  the  eye  durlnp:;  tlieir  actions.  One  of  these  is  called  the 
quadratus  nictitantis,  fig.  59,  g  ;  it  arises  from  the  sclerotica  at  the 
upper  and  back  part  of  the  globe  of  the  eye,  and  its  fibres  slightly 
converge  as  the  y  descend  towards  the  optic  nerve,  above  which 
they  terminate  in  a  tendinous  sheath ,  having  no  fixed  insertion. 
The  second  muscle,  called  pi/ramidalis  7iictitti/iiisyib»h,  arises  from 
the  lower  and  nasal  side  of  the  eyeball :  its  fibres  converge  toward 
the  upper  part  of  the  optic  nerve,  and  terminate  in  a  small  rouiul 
tendon  which  glides  through  the  pulley  at  the  free  margin  of  the 
quadratus;  thus,  winding  over  the  nerve,  it  passes  down  to  be  in- 
serted into  the  lower  part  of  the  margin  of  the  third  eyelid.  By 
the  simultaneous  action  of  the  two  muscles,  that  nictitating  lid  is 
drawn  outward  and  obliquely  downward  over  the  fore  part  of  the 
eyebalL  The  tendon  of  the  pyramidalis  gains  the  due  direction 
for  that  action  by  winding  round  the  optic  nerve,  and  it  is 
restrained  from  pressmg  upon  the  nerve  by  the  counteracting 
force  of  the  quadratus,  whi<  li  tliiia  augments  the  power  of  the 
antagonist  muscle,  while  it  obviates  any  inconvenience  from 
pressure  on  the  optic  nerve,  which  its  peculiar  disposition  in 
relation  to  that  part  would  othcnvise  occasion.  The  nictitating 
membrane  returns,  on  the  relaxation  of  its  muscles,  by  virtue  of 
its  own  elasticity,  to  the  inner  comer  of  the  orbit,  where  it  lies 
folded  when  not  in  use. 

The  lacrymal  glands  are  two,  as  in  Reptiles ;  but  the  inner  one  is 
the  largest,  especially  subserving  the  more  frequent  movements 
of  the  nictitating  membrane :  it  is  called  the  '  harderian  gland,' 
fig.  56,     is  situated  at  the  inner  or  naoal  canthus,  has  a  lobu- 
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latejd  exterior,  and  emit^j  its  viscid  secretion  hj  a  sliort  duct  which 
opens  beneath  the  third  lid.  The  *  lacrymal  gland,'  fig.  59,  d, 
lies  at  the  posterior  and  external  part  of  the  eyeball;  in  the 
Goose  it  is  of  a  flattened  form,  about  the  size  of  a  pea,  and  pours 
its  thinner  transparent  secretion,  hy  a  short  wide  duct,  upon  the 
inside  of  the  outer  canthus  of  the  eyelids.  The  naso-lacrymal 
conduit  commences  by  two  apertures  at  the  nasal  cantbus,  and 
terminates  below  and  a  little  before  the  middle  turbinal.  In  the 
Ostrich  there  is  a  glandular  prominence  at  each  *  punctum/  ana- 
logous to  a  'caruncula  lacrymalis/  but  this  structure  is  not 
present  as  a  rule  in  Birfl^. 

Besides  the  two  glands  wliich  serve  to  lubricate  and  facilitate 
the  movements  of  the  eyeball  and  eyelids,  there  exists  another 
gland  which  from  its  position  in  or  near  the  orbit  seems  to  belong 
to  the  lacrviiial  group;  l)ut  its  secretion  is  exelusively  employed 
uj)on  the  ])ituitarv  inenihrnT^*;'  of  the  imsr,  and  it  corresponds 
rather  to  tlie  nasal  gland  ol  Serpents.  In  many  water  and  marsh 
Birds  the  gland  in  question  is  lotlged  in  the  suj)erorhital  fossa, 
before  descrihed,  p.  61  ;  but  in  most  Birds  it  is  situated  within 
the  orbit,  ritlicr  beneath  the  nasal  or  between  it  and  the  maxil- 
lary:  in  the  Woodpecker  it  is  found  in  the  subocular  air-<'ell.  I 
have  detected  it  in  one  or  more  species  of  every  order  of  Birfls. 
In  tlie  Anserines  tlie  gland  is  large,  and  seems  to  compiete  the 
npper  ninrgiu  of  the  orbit,  fig.  5G,  A,  and  is  enclosed  in  a  dense 
fibrous  capsule.  It  is  com|>osed  of  ramified  follicles,  with  cellular 
walls,  lu  the  AUuitross  and  Penguin  it  sends  two  or  three  ducts 
to  the  nasal  cavity. 
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CHAPTER  XVIL 

BIOESTIYE  SYSTEM  OF  BIRDS. 

The  digestive  function  is  most  potent  and  rapid  in  Birds,  in 
order  to  supply  tlie  waste  occasioned  by  their  extensive,  freqiieot 
and  energetic  motions,  and  in  accordance  with  the  rapidity  of 
their  circulation  nnd  their  high  state  of  irritability  J 

The  parts  to  be  considered  with  reference  to  this  function  are 
the  rostrum  or  beak,  the  toiiLiiu,  ihc  <rso[ili;iii;u8,  the  stomach 
whicli  is  always  divided  into  ;i  iilandular  and  umscular  portion, 
the  intestines?,  and  the  cloaca:  with  these  are  conruM  idl  the 
salivary  glands,  the  ])ro%  entricnlar  follicles,  the  liver  and  pancreas. 

§  Hf).  Ileaks  nf  Birds. — The  beak  consists  of  an  *  upper 
inandii)le/  sui  iHiited  by  the  maxillary  and  premaxillary  bones, 
and  of  a  '  lower  mandible  '  formed  by  the  lower  jaw.  In  place 
of  teeth  tliese  bones  are  provided  with  a  sheath  of  homy  fibrous 
material,  similar  to  that  of  which  tlie  claws  arc  cotnposed: 
this  sheath  is  moulded  to  the  sha|)e  of  the  osseous  mandibles, 
being  formed  by  a  vascular  substance  covering  tliese  parts,  and 
its  margins  are  frequently  provided  with  horny  processes  or 
lamina'  secreted  by  distinct  pidps,  analogous  in  tiiis  respect  to 
the  whalebone  lamin;e  of  the  Whale.  In  a  f<rtus  of  a  Perro(pict 
nearly  ready  lor  hatching,  the  ni  irgins  of  the  bdl  are  beset  with 
white  ami  nnind  tubercles,  arranged  in  a  regular  order,  about 
seventeen  in  the  upper  jaw,  the  foremost  on  the  mid-line.^  These 
tul)ercles  are  not,  indeed,  implanted  in  the  alveolar  border,  but 
form  i)art  of  the  sheath  of  the  bill.  Under  each  tul)ercle, 
however,  there  is  a  gelatinous  pulp,  like  that  of  a  tooth,  but 
resting  on  the  e<lge  of  the  jaw-bones,  and  every  pulp  is  supplied 
by  vessels  and  nerves  traversing  a  canal  in  the  substance  of  the 
bone.  These  tubercles  form  the  tirst  margins  of  the  mandibles, 
and  their  remains  are  indicated  by  canals  in  the  homy  sheath 
subsequently  formed,  which  contain  a  softer  material,  and  which 
oommence  from  smaU  fonunma  in  the  margin  of  the  bone. 

*  The  Cormornnt  devonn,  in  captivit/,  nx  cr  eight  ponnde  of  fiih  daifyi  what  majr 
be  the  •monni  la  lie  etati  of  wild  txiAritj  1  *  xxxvi*. 
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The  different  degrees  of  hardness  and  varietieB  of  form  of  the 
beak  exercise  as  much  influence  upon  the  nature  of  Birds  as  tiie 
number  and  figure  of  the  teeth  do  upon  that  of  Mammals. 

The  beak  is  hardest  in  those  Birds  which  tear  their  prey,  as 
£agles  and  Falcons ;  in  those  which  bruise  hard  seeds  and  fruits, 
as  Parrots  and  GhKisbeaks ;  and  in  those  which  pierce  the  barka 
of  trees,  as  Woodpeckers,  in  tke  larger  species  of  which  the 
beak  abeolutelj  acquires  the  density  of  ivory.  The  hardness 
of  the  covering  of  the  beak  gradually  diminishes  in  those  Birds 
whidi  take  less  solid  nourishment,  or  which  swallow  their  food 
entire ;  and  it  changes  at  last  to  a  soft  skin  in  those  whioli  feed 
on  tender  substanoesj  or  which  have  occasion  to  probe  for  their 
food  in  muddy  or  sandy  soils,  or  at  the  bottom  of  tbe  water,  as 
Ducks,  Snipes,  Woodcocks,  &c. 

Cwierit  paribus,  a  short  beak  must  be  stronger  than  a  long  one, 
a  thick  one  than  a  thin  on^  a  sdid  one  than  one  which  is  flexible ; 
but  the  general  fi>im  produces  much  variely  in  the  application  of 
the  force.  A  compressed  beak  with  trendiant  edges,  and  a 
hooked,  sharp-pointed  end,  is  the  fit  instrument  for  sdsng  and 
slaying  prey,  whether  birds,  beasts,  or  fishes ;  and  such  '  aduncate' 

beak  is  seen  in  the  Frigate-bird,  Tropic* 
bird.  Albatross,  Petrel,  fig.  52,  but  com- 
bined with  length  in  these  piscivorous  birds. 
In  tbe  Baptores  the  beak  is  shorter  and 
stronger,  and  in  some  genera  a  tootk-Hke 
process  on  either  side  of  the  upper  man- 
dible, fig.  60,  adds  to  its  destructive 
power:  hence  the  Falcons,  having  this  annature,  are  reckoned 
the  more  *  noble*  or  courageous  birds  of  prey. 

The  Shrike  (Xoiniff)  and  Ysnga,  which  have  their  bill  similarlj 
armed,  fig.  61,  have  the  cniel  disposition  of  the 
Hawk,  but  take  pr^  proportioned  to  their  small 
size:  and  the'  tooth'  is  confined  to  the  homy  sheath, 
fig.  61,  not  developed  on  the  bone.  As  the  beak 
becomes  stralghter  and  conical  with  the  margin 
entire,  the  bird  is  less  daring  in  attacks  on  o^er 
kinds,  though  oocssionaUy  predaccons  when  large  and  strong  (as  the 

Baven  and  Crow,  fig.  62) :  but  most 
'  conirostrals '  are  omnivorous,  and 
the  rest  granivorous,  as  the  '  Hard- 
billed  PoMsertB^  of  Bay.  When  the 
cone  is  attenuated  and  lengthened 
out,  fig.  63,  it  is  adapted  to  extract 
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delicate  insects  from  the  recesses  of  trees  and  flowers :  and  the 
tjpe  ' tenuirostrals '  {TrochiUdm)  may  suck  ttp^  ai80»  the  sweet 
juice  of  the  nectarium. 

The  Fitiirostralt,  fig*  64^  like  the  Humming-birdSf  feed  on  the 


Be«k  nf  Qummiag-t>lr4 


\viTi?i.hiit  as  tiieir  food  consists  of  volant  ln«oct«,thc  form  of  the  l)cak 
isniinlitied  acconlin<j:ly,  and  is  rcmarkal  U-  for  \U  shortness  and 
the  >videne8S  of  its  gape,  fig.  G4,  especially  in  the  typical  families. 
In  these  the  mode  of  catching  the  prey  is  conforniaMc  to  their 
distinfjuishinjj  characters  ;  thev  roreive  It  in  fnll  flight  into  the 
cavity  of  their  mouths,  whidi  rctnuin  open  for  that  purpose,  and 
where  a  viscous  exudation  Avithm,  and  a  stnmg  fence  of  *  vibrisMB* 
on  the  exterior,  assist  in  securing  the  victim. 

A  strong,  trenchant  and  [Mjinted,  but  elongated  and  straiglit, 
hill  serves  to  cut  and  pierce,  and  characterises  many  Waders 
preying  u|Mm  reptiles,  fishes,  and  animals  that  offer  some  resist- 
ance :  such  a  beak  is  found  in  the  Herons  and  Bitterns.  As  it 
becomes  more  lengthened  and  attenuated  it  is  adapted  to  prey  of 
a  lower  grade  of  life,  and  to 
get  at  these  it  is  en(lo\ve<l 
Avith  a  specially  sensitive 
apex.  In  the  Ibis  and  Cur- 
lew such  a  beak  is  curved 
down,  fig.  3  :  in  the  Jabiru, 
fig.  G5f  it  is  bent  up.  Some 
trenchant  bills  are  so  com- 
pressed as  to  resemble  the  Biuoftbej^m. 
blade  of  a  knife ;  these  offer  least  resistance  in  the  swift  pursuit  of 
fiahei»  and  are  aeen  in  the  Awka,  Puffins*  and  Coultemebfl,  in  which 
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{Bhyncops)  hastliefiirllier  pdculiarity  of  an  inequality  in  the  length 
of  the  two  mandibles,  the  upper  one  being  the  shortest  ,  fig.  66»  ao 
that  this  searbird  gets  its  food,  which  consists  of  floating  marine 
animals^  by  pushing  and  tiltmg  them  within  the  action  of  the 
upper  blade  as  it  swmis  along. 
A  sharp-edged  besk  may  be  as  remarkable  for  transTerse  ex* 

tension  and  depression,  or  horizontal  flat- 

  tening :  and  such  a  form  serves  for  cap- 

turing  fishes  and  reptiles:  it  is  seen  in 
(O  the  Boaibills  of  South  America  (Ca»- 
eroma),  fig.  67>  and  of  Nubia  {Baheni^ 

„„.  .......  Of  the  blunlredged  bills  we  may  first 

BUI  of  mo  DoatbUl.  .  m.  ^    w  * 

notice  those  which  are  flattened  hon- 
Eontally.   When  a  bill  of  this  description  is  long  and  strong. 


liiil  and  puacb  of  ILc  I'cUuai. 


as  in  the  Pelican,  fig.  68,  it  senres  to  seize  huge  but  feebly 

resifting  fishes. 

When  it  is  long  and  weak,  as  in  the  Spoonbill,  which  derives 
its  name  from  tiie  dilated  extremity  of  the  mandibles,  it  is  only 

available  to  seize  amid  sand,  mud, 
or  water,  very  small  Crustaceana, 
MoUusks,  &c,  fig.  69. 

The  more  or  less  flattened  billa 
of  Ducks,  the  more  conical  ones 
of  Geese  and  Swans,  and  that 
of  the  Flamingo,  of  which  the  extremities  of  the  mandibles  are 
bent  downwards  al)ru])tly,  fig.  70,  have  all  transverse  homy 
lainiiiic  arranged  along  tlicir  edges,  which  when  the  bird  has 
seized  any  object  in  the  water,  serve,  like  the  whalebone  laminas 
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of  the  Whale,  to  give  passage  to  the  superfluous  fluid.  The 

aquatic  habits  of  all  these 
birds  are  in  harmony  "with 
this  structure.  But  the  long-  v  ^ 

legged  palmiped  sifts  the  sand  ^^-^^  ^ 
of  the  sea-shore  by  raking  it 
up  with  the  bill  reversed,  as 
shown  in  fig.  14.  In  the 
Goosanders  (  Mergits,  fig.  71), 
the  lateral  laminse  arc  de- 
vclopetl  into  Bmall  conical 
reflected  tooth-like  ])roces8cy, 
which  serve  to  hold  la.-<t  tlie 
fishes  on  which  iliey  feed.  iinicftt«Fta«i...a 

The  bills  of  the  Toucans  and  ll<irnbills  arc  remarkable  for 
their  enormous  size,  which  is  aometimes  equal  to  that  of  the 
whole  bird.  The  substance  of  the 
beak  in  these  cases  is  extremely 
light  and  delicately  cellular ;  yet 
the  osseous  portions  are  adapted 
to  rnnibine,  with  great  bulk,  a 
due  degree  of  strength.  The 
external  parictes  are  extremely 
thin,  especially  in  the  ujiper  beak:  they  arc  elastic,  and  yield 
in  a  slight  degree  to  moderate  pressure,  but  present  consider- 
able resistance  if  the  force  be  increased  for  the  j)urpose  of 
crushing  the  beak :  they  gain  thickness  at  the  points  of  the  man- 
dibles. 

On  making  a  lonfritudinal  section  of  the  upper  mandible, 
fig.  53,  a,  its  base  is  ^ceu  to  include  a  conical  cavity  about  two 
inches  in  length  ami  one  inch  iu  diameter,  with  the  apex  directed 
forward.  The  walls  of  this  cone  consist  of  an  osseous  network, 
intercepting  irregular  angular  spaces,  varying  iu  diameter  from 
hall  a  line  to  two  lines.  From  the  parietes  of  the  cone  a  net- 
work of  bony  fibres  is  contumed  to  the  outer  ])arietes  of  the 
mandible,  the  fibres  which  immediately  -upp  it  the  latter  being 
almost  invariably  at  right  angles  to  the  ]);irt  in  which  they  are 
inserted.  The  whole  of  the  mniKhhle  anterior  to  tlie  cone  is 
occupied  with  a  similar  network,  the  meshes  of  which  arc  largest 
in  the  centre  of  the  beak,  in  consequence  of  the  union  which 
takes  place  between  different  small  fibres  as  they  })ass  from  the 
circumference  inwards.  The  principle  of  the  cylind<  i  is  itjtro- 
duccd  into  this  structure ;  the  smallest  of  the  supporting  pillars 
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are  hoUow.  The  stnicture  is  the  same  In  the  lower  mandible, 
ib.  m,  but  the  fibies  oompoeing  the  network  are  in  general 
stronger  than  those  of  the  upper  mandiUe. 

The  air  is  admitted  to  the  interior  of  the  upper  mandible  from 
a  emijf  ib.  situated  anterior  to  the  orbit,  which  communiciates 
at  its  posterior  part  with  the  air-cell  continued  into  the  orbit,  and 
at  its  anterior  part  with  the  maxillary  oayity.  The  nasal  cayity 
is  closed  at  every  part  except  at  its  external  and  internal  apertures 
by  the  pituitary  membrane,  and  has  no  oommunieation  with  tlie 
interior  of  the  mandible.' 

The  homy  sheath  of  the  mandibles  in  the  Homlnlls  and  Toocana 
is  so  thin  tlmt  it  often  becomes  irregularly  notched  at  the  edge 
from  use.  The  Hombills  haye,  besides,  upon  their  enomona 
beak,  horn-like  pronunences  of  the  same  structure  and  of  different 
forms,  the  use  of  which  is  not  known. 

The  Trogons,  Touracos,  Bucoos,  &&,  exhibit  fonns  of  the  bill 
which  are  intennediate  to  that  of  the  large  but  feeble  bill  of  tiie 
Toucans,  and  the  short,  but  hard,  strong,  and  broad  bill  of  the 
Parrotp-tribe,  which  is  also  hooked,  so  as  to  assist  in  climbing,  like 
a  third  foot,  fig.  30. 

The  short,  conical,  and  vaulted  beak  of  the  RoMoret,  fig.  72, 
senres  to  pick  up  with  due  rapidity  the  vegetable  seeds  and 

grains  which  comtitute  their  food,  as  well 
as  small  insects,  as  ants,  &c.,  with  whidi  the 
young  are  frequently  nourished.  The  tooth- 
billed  pigeon  of  the  Samoan  Isles  has  the 
lower  mandible  deeply  cleft  into  three  points 
near  the  top,  and  the  upper  mandible  hix»keil, 
the  better  iur  seizing  fruit  and  denuding 
])alm-nut8  and  other  stron«xly  coated  kinds. 
The  bills  of  the  small  lusessorial  or  l*iisserinc  birds  ]>re>eDt 
every  gradation  of  the  conical  form,  from  the  broad-ba*cd  cone  of 
the  Hawfinch  to  the  almost  filamentous  cone  of  the  Humming- 
bird, fi«r.  63,  and  cacli  of  these  forms  influenced  the  habitus  of 
the  species  in  the  same  manner  as  in  the  larger  birds.  The 
short  and  stronfr-billed  Insessores  live  on  seeds  aujl  f^rain-* : 
those  with  a  long  and  slender  bill  on  insects  or  vegetable  juices*. 
If  the  slender  bill  be  short,  flat,  and  the  gape  very  wide,  as 
in  Swallows,  the  bird  takes  the  insects  while  on  the  wini^';  if 
the  bill  be  elongated  and  endowed  with  suthcient  strcn|^ib, 
as  in  the  ilcx^poes,  it  serves  to  penetrate  the  soil  and  pick,  out 
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womiB^  &c»  One  kind  of  Hoiiiiiuiig-lnid>  feeding  on  tpdm,  lus 
the  end  of  the  bill  finely  toothed. 

Of  ell  bills,  the  most  extraordinary  is  that  of  the  Croes-bill,  in 
which  the  eztremitiee  of  the  mandibles  enrre  towards  oppodte 
aides  and  cross  each  other  at  a  oonsiderable  angle — ^a  disposition 
which  at  first  sight  seems  directly  opposed  to  &e  natural  inten- 
tion of  a  bilL  With  this  singular  disposition,  the  Oross4>ill, 
however,  possesses  the  power  of  bringing  the  points  of  the  man- 
dibles into  contact  with  each  other ;  and  can  pick  up  the  smallest 
seeds,  and  shell  or  husk  larger  kinds  like  other  birds.  But  the 
disposition  and  power  of  the  muscles  is  such  that  the  bill  gains  by 
its  Tery  apparent  defect  the  requisite  power  for  breaking  up  the 
piue*«ones  and  wrenching  out  the  seeds  that  constitute  its  usual 
food. 

§  146.  Tmnffues  of  Birds, — The  tongue,  as  has  been  already 
obserred,  can  hardly  be  considered  as  an  organ  of  taste  in  Birds, 
since,  like  the  mandibles,  it  is  generally  sheathed  with  horn.  It 
is  prindpally  adapted  to  fulfil  the  offices  of  a  prehensile  organ  in 
association  with  Ihe  beak,  and  it  presents  almost  as  many  varieties 


ol  fiirm.  The  length  uf  the  ton^jue 
depends  chiefly  on  that  of  tlie 
glossohyal,  fig.  73.  42.  In  must 
birds  it  is  lenp;tlieiied  out  by  a 
cartilage,  ib.  n',  appended  to  its 
rxtroinitv.  This  is  remarkable  in 
the  Suaii  ;uid  other  Lamellirostres. 
The  ceratdhvals  are  ohsolete.  The  hasihyal,  41,  contracts  as  it 
recedes  to  support  the  uroljyal,  43.  mi  l  \\\r  liypo-  4(),  and  ecrato- 
47,  brauchials  aremoditiud  to  form  the  posterior  cfn-nua  or  *  thyro- 
livals,'  wliielj  are  of  moderate  length,  Tlie  tn!ii:iic  >upported  by 
the  trlossohval  iti  broad,  and  furnished  with  a  series  of  retro  verted 
spines,  fi^r.  7.3,  r>.  In  the  Humming-bird  the  horny  sheath  of 
the  glossohyal  is  divided  at  its  extremity  into  a  j)encil  of  fine 
Imirv.  In  the  Toucan's  ton«;ue,  fig.  51,  tlic  sheath  gives  off 
frniii  tlic  lateral  ^Tinruins  stiiV  bristle-like  processes  which  proj^  '  f 
fon^ard  :  this  structure  is  continued  to  the  apex,  and  the  tongue 
so  proviiled  becomes  an  instrument  for  testing  tlie  softness  and 
ripeness  of  lruit«  and  the  iitaess  of  other  objects  for  food«  thereby 
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acting  as  a  kind  of  antenna  or  feeler.  A  similar  but  less  deve- 
loped structure  is  found  in  the  tongue  of  the  frugivorous  Touraco. 

In  the  Woodpeckers  the  apex  of  the  horny  flheath,  fig.  74,  77, 
a,  gives  off  at  the  sides  short  pointed  processes  directed  back- 
ward, converting  it  into  a  barbed  instrument  for  holding  fast  the 

insects  which  its  sharp  point 
has  transfixed,  after  the 
strong  beak  has  dislodged 
them  from  their  hiding 
places.  The  comua  (thyro- 
hyals,  ib.  46,  47)  ^vind  round 
the  back  of  the  head,  and 
converge  as  they  pass  for- 
ward to  be  inserted  in  a 
canal  generally  on  the  rii;ht  side  of  the  upper  mandible,  ib.  e. 

The  tongue  of  the  Flaniiiifr'»  i^  almost  cylindrical,  slightly  flat- 
tened above,  and  obliquely  truncate  anteriorly,  so  as  to  corre- 
spond with  the  form  of  the  inferior  mandible.     The  pointed 


VoBgiM  A.  mopt.  &  VMMfiHe.  a  KlBtflalNr.  n.  floo«au  oon,*. 

extremity  of  the  truncated  part  is  sup]>orted  beneath  by  a  small 
horny  j)late.  Along  the  middle  of  tlie  u|)|)cr  surface  there  is  a 
moderately  deep  and  wide  longitudinal  lurrow;  on  either  side  of 
which  there  are  from  twenty  to  twenty-five  recurved  spines,  from 
one  to  three  lines  in  length.    These  spines  are  arranged  in  an 
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jnregnlar  alternate  series:  the  outer  ones  being  tiie  smallest, 
wliidi  may  almost  be  considered  as  a  distinct  row.  At  the  pos- 
terior part  of  the  tongue  there  are  two  groups  of  smaller  recum- 
bent spines  directed  towards  the  glottis.  The  substance  of  the 
tongue  is  not  muscular,  but  is  chiefly  composed  of  an  abundant 
elastic  cellular  substance,  permeated  by  an  oily  fat^  Of  like 
nature  is  the  tongue  in  Anserines:  but  ^e  retrorerted  spines  are 
marginal,  fig.  75,  D.  The  tongue  of  the  great  Penguin  is  beset 
with  homy  spines  like  a  hedgehog's  skin. 

In  the  Baptoret  the  tongue  is  of  a  moderate  length,  broad, 
and  somewhat  thick,  and  has  a  slight  division  at  the  tip.  In  the 
Vultures  its  sides  can  be  voluntarily  approximated  so  as  to  form 
a  canal,  and  its  margins  are  provided  with  retroverted  spines.  In 
the  Raven  it  is  bifid  at  the  apex :  it  is  more  deeply  deft  in  the 
'  Nutcracker.' 

In  the  Struthious  Birds,  in  many  of  the  Waders,  and  in  the 
Peltetmida^  the  tongue  is  remarkably  short,  as  it  is  likewise  in 
the  Kingfisher,  fig.  75,  C.  In  the  Snipe  it  is  as  remarkable  for  its 
length  and  slendemess,  ib.  a.  In  the  Fieldfare  (  Turdtu  pUarU) 
the  sheath  is  resolved  into  fine  filaments  at  the  apex  of  the 
tongue,  ib.  b. 

In  tiie  Parrots  the  tongue  is  thick  and  fleshy,  is  terminally 
tufted  in  Lories,  serves  admirably  to  keep  steady  the  nut  or  seed 
upon  which  the  strength  of  the  mandibles  is  exerted,  and  is  applied 
to  the  kernel  so  extracted,  as  if  to  ascertain  its  sapid  qualities. 

The  foilowiug  are  the  muscles  of  the  tongue  in  Birds. 


76 


I  jst.  The  iMi/lo-hi/oideua:  this  is  a  thin  layerol"  libres  attacliod  to 
thn  lower  Rn<l  inner  1h  r  ler  of  the  lower  jaw,  autl  riHiiuij<^  trans- 
v^jrsely  to  a  uiesial  tendon  which  separates  them,  aud  extends  to 
the  urohyal.    It  raises  the  ton;^uc  towards  the  palate. 

2nd.  The  Stiflo-hifnideus^  fi^.  76,  «,  arises  from  the  upper  and 
back  part  of  the  lower  jaw,  and  is  inserted  into  the  thyroh^al  at 

•  XXI-, 
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itBjunctioii  with  ike  banhyaL  In  aome  birdB  it  divides  into  three 
or  more  p(»rtiona :  the  pa^erwr  descends  obHquely  forward,  and 
is  inserted  into  the  tendinona  commissiire  of  the  mylohyoideiiB: 
the  middh  portion  is  inserted  into  the  un^yal :  the  axterwr  &s> 
ciculiis  is  inserted  into  the  side  of  the  hai^yal  aho^e  Ihe  liana- 
verse  hyoglossns.  The  actions  of  these  different  portions  vary 
according  to  their  insertion ;  the  first  and  second  depress  the  apex 
of  the  tongue  by  raising  the  niohyal^  the  third  raises  the  tongue 
and  draws  it  to  one  aide  when  it  acts  singly. 

3rdL  The  Genuh^yoidewt^  fig,  76»  b :  this  azises  by  two  fleshy 
bands  firom  the  lower  and  internal  edge  of  the  lower  jaw;  thcae 
nnite,  pass  backward,  and  surround  the  comua  (thjrvohyals);  and 
as  they  draw  them  forward  protrude  the  tongue  from  the  bealL 

4th.  The  CeraUh-hifoideut :  this  passes  fkom  the  thjrohyal  to 
the  uxohyal,  and  is  "dierefore  subservient  to  the  lateral  mov^ 
ments  of  the  tongue. 

5th.  The  SierwhhyMdi  these  are  replaced  by  a  slip  of 
muscle  which  extends  from  the  anterior  sur&ce  of  the  ui  ^kt 
larynx  to  be  attached  to  the  base  of  the  glossohyaL 

6th.  A  small  and  short  muscle,  which  is  single  or  azygoa;  it 
passes  from  the  basihyal  to  the  under  part  of  the  glossohyal;  it 
depresses  the  tip  of  the  tongue  and  devates  its  base. 

7th.  A  short  muscle,  fig.  75,  c,  which  arises  from  the  junetuii 
of  the  basihyal  with  the  urohyal,  and  is  inserted  into  the  thyio-^ 
hjaL* 

All  these  muscles  are  remadcably  large  in  Ihe  Woodpecker,  in 
which  there  is  a  singular  pair  of  muscles  that  may  be  termed 
CeraMraehealet  (fig.  77,  A).  They  arise  from  the  trachea 
about  eight  lines  from  the  upper  larynx,  twist  four  times  spirally 
round  the  trachea,  and  then  pass  forward  to  be  inserted  into  tlie 
base  of  the  thyrohyals.  This  is  the  principal  retractor  of  Ibe 
singular  tongue  in  ibis  species. 

§  147.  Salivary  Glands* — The  salivary  organs,  being  in  general 
developed  in  a  degree  conesponding  to  Uie  extent  of  Uie  changes 
which  the  food  undergoes  in  the  mouth,  and  the  length  of  time 
during  which  it  is  there  detained,  are  by  no  means  so  conspicuaut 
a  part  of  the  digestive  system  in  Birds  as  in  Mammab.  Glan<b 
which  pour  out  their  secretion  upon  the  food  prior  to  deglutition 
are,  however,  met  with  in  every  bird,  but  vary  in  number,  position, 
and  complexity  of  structure. 

In  some  species,  as  the  Crow,  they  are  of  the  simplest  struc- 
ture, connBluig  of  a  series  of  unbrandbed,  cone-«hapcd  follicles  or 
*  Dr.  Salter  propoacs  the  name  of '  Cknuo-glossal '  for  this  muacio.  ccxl*.     I  i-io. 
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tubules,  opening  separately  upo 
month,  along  the  sides  of  which 
pour  out  a  yiscid  macuSj  and 
are  the  only  traces  of  a  sali- 
vary system  met  with  in  this 
bird. 

In  many  other  birds,  and 
especially  in  the  Scratching, 
Wa(lin«j:,  and  Swimming  Or- 
ders, orlaiuls  of  the  conglo- 
mtrute  wtruciurc  arc  found 
beneath  the  lower  jjnv,  an- 
swering to  the  submaxiiiury 
glands  of  qurwlrupedg. 

In  tlie  Goose  they  occupy 
the  whole  of  the  anterior  part 
of  the  space  included  l^y  the 
rami  of  the  lower  j  iw,  being 
of  an  elongated  ionn,  dat- 
tened  and  ch>sely  united  to- 
gether at  the  middle  line.  On 
either  side  of  this  line  the 
mucous  mcmhiane  of  the 
mouth  presents  internally  a 
seriei^  of  ]>orc8,  each  of  which 
is  the  terminal  orifice  of  a 
distinct  gland  or  aggregate  uf 
ramihed  ducts. 

A  third  and  liigher  form  of 
salivary  gland,  in  which  the 
secretion  of  the  conglomerate 
mass  is  conveyed  into  the 
mouth  by  a  single  duct,  is 
found  in  the  \Vi hkI peckers 
and  some  species  of  tiie  Ra- 
pacious Order.  In  the  latter 
l)inls  tli( X'  L^'lands  arc  tt  i  itu  1, 
fr«»m  their  situation,  anterior 
jxiiiitinv:  in  the  Phup  they 
correspond  to  liie  parotid  and 
sublingual  of  (^uudiupeds. 

The  snl>!ingual  glands  of 
the  W  oud^ckcr,  hg,  77»  t.  A,  ai 


n  the  maeoiis  membrane  of  the 

cavity  they  are  situated.  Thej 

77 


ToagM  ud  Mllwritaiidft  Woodpsekar. 

of  extraordinary  size,  extending 
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from  the  angle  to  the  Bjmphjm  of  ihe  lower  jaw.  The  ringle 
ducts  of  each  gland  unite  just  before  their  terminationj  which  is 
a  simple  orifice  at  the  apex  of  the  mouth« 

Besides  the  preceding,  whidi  may  be  considered  as  the  true 
saHTary  glands,  there  are  numerous  accessory  follicles  in  different 
parts  of  the  oral  apparatus  of  Birds.  In  the  Waterhcn  ( GalU- 
nula  cMornpw)  there  is  a  series  of  coecai  glandular  tubes  along 
each  side  of  the  tongue:  similar  elongated  follicles  arc  situated 
along  the  margin  of  the  lower  jaw,  resembling  in  their  parallel 
pectinated  disposition  the  branchiie  of  Fishes.  In  the  Goose  the 
corresponding  follicles  are  longer  and  wider,  and  are  situated  near 
the  sides  of  the  tongue.  In  the  Kaven  these  mucous  follicles  are 
narrower  but  longer.  The  glandular  structures  supplying  the 
moil  til  in  Birds  may  be  summed  up  under  the  following  heads : 
^foUiciili  linguales/  'glandulie  sublinguales,'  '  glandular  submaxii- 
larcs  *  (/Vci,  Restores,  Rasores,  Aptenodytes),  *  glandulte  anguli 
oris '  (Swan,  Cantoresj  Diurnal  Raptores) ;  *  folliculi  preglottidei ; * 
*  folliculi  post-nasales,'  Le.,  opening  behind  the  posterior  nostrils ; 
'  amygdalae/  or  close-set  groups  of  follicles,  in  two  rows,  opening 
behind  the  eustachian  outlet. 

§  148.  Alimentary  Cana/.— The  food,  after  being  imbued  with 
the  secretion  of  the  preceding  glands,  is  poised  upon  the  tongue  and 
swallowed,  partly  by  means  of  the  pressure  of  the  tongue  against 
the  palate,  partly  by  a  sudden  upward  jerk  of  the  head.  The  pes- 
tmor  apertures  of  the  nostrils  being  generally  in  the  form  of  narrow 
fissures  are  undefended  by  a  soft  i)alate  or  uvula;  and  the  laryngeal 
aperture,  which  is  of  a  similar  form,  is  in  like  manner  unprovided 
with  an  epiglottis,  l)nt  is  defended  by  the  rctrovcrted  papill;i»  at  the 
base  of  the  tongue.  In  many  lairds,  indeed,  as  the  Albatross  and 
Coot,  there  is  a  small  cartilage  in  the  usual  place  of  an  epiglottis, 
but  insutficient  to  cover  more  than  u  \  ( l  y  small  part  of  the  laryn- 
geal aperture.'  The  surface  of  the  mouth  is  rarely  sinootli  above, 
commonly  provided  witlt  retrovertcd  pfipilhe :  t-imilar  mechanical 
helps  to  the  right  course  of  the  food  oinir  at  or  near  the  fauces, 
in  addition  to  those  already  noted  on  the  tongue.  The  width  of 
tlie  iiinuth  in  Caprimulgus,  nnd  the  length  and  depth  (luc  to  the 
mandibular  pouch  in  the  Pelican,  are  remarkable.  The  extensi- 
bility of  the  membrane  between  the  rami  of  the  lower  jaw  admits 
of  its  formation  into  a  bag,  fig.  08,  a,  which  is  calculated  to  con- 
tain ten  quarts  of  water,  and  serves  as  a  receptacle  for  fishes, 
making  m  tiiat  state  a  conspicuous  appendage  to  the  huge  bill ; 

'  For  tbesQ  structorca  in  Birds,  see  xjuvii*.  p.  613. 
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when  empty  it  can  be  contracted  so  as  to  be  bardly  visible.  By 
means  of  this  mechanism  a  quantity-  of  food  can  be  transported  to 
the  young ;  and,  as  in  disgorging  the  bleeding  fishes  the  parent 
presses  the  bottom  of  the  sac  against  her  breast,  this  action  has 
probably  given  rise  to  the  fable  of  her  wounding  herself  to  nourish 
the  young  with  her  own  blood. 

The  Swift  presents  an  analogons  dilatation  of  the  faucial  mem- 
brane at  the  base  of  the  lower  jaw  and  upper  part  of  the  throat : 
it  is  most  developed  at  the  period  of  rearing  the  young,  when  it 
is  generally  found  distended  with  insects  in  the  old  birds  that  are 
shot  while  on  the  wing.  A  similar  structure  obtains  in  the  Book, 
and  probably  in  other  Insectivorous  Birds.  It  is  notable  in  the 
Kutcracker  (  Caryoeataetts) ;  which,  descending  from  its  favourite 
snowy  altitudes^  may  be  seen  to  return  with  a  swelling  like  an 
enormous  gmtre  as  big  as  the  head,  formed  by  the  gular  pouch, 
crammed  with  nuts.' 

The  (esophagus,  //,  fig.  94,  a,  fig.  7S,  like  the  neck,  is  usually 
very  long  in  Birds :  as  it  passes  down,  it  generally  inclines  to- 
wanl  the  right  side;  it  is  partially  covered  by  the  trachea,  G, 
fig.  94,  and  oonneoted  to  the  anrroundiiig  parts  by  a  loose  cellu- 
lar tissue.  It  is  wide  and  dilatable,  corresponding  to  the  imper- 
fection of  the  oral  instruments  as  eomminutors  of  the  food.  In 
the  rapacious,  and  especially  in  the  piscivorous  Birds,  it  is  of  great 
capacity,  enabling  the  latter  to  swallow  the  fishes  entire,  and 
serving  also  in  many  Waders  and  Swinuners  as  a  temporary  re- 
pository of  food. 

When  the  Cormorant  has  by  accident  swallowed  a  large  fish, 
^vhioli  sticks  in  the  gullet,  it  has  the  power  of  inflating  that  part 
to  its  utmost,  and  while  in  that  state  the  head  and  neck  arc 
shaken  violently,  in  order  to  promote  its  passage.  In  the  Gannct 
the  <r.s()i)lmjxu.s  is  extremely  capacious,  and,  as  the  skin  which 
covers  it  is  equally  dilatable,  five  or  six  herrings  may  be  contained 
therein.  In  both  these  species  it  forms  one  continued  canal  with 
the  stomach.  In  the  Flamingo,  on  the  contrary,  the  diameter  of 
the  gidlet  does  not  exceed  half  an  inch,  being  suited  to  tbe 

•  When  wntin;;  the  nrticle  AvES  for  the  •  Cjclopcdin  of  Anatomy,'  in  1835,  I  had 
not  dUtvct«4l  tt  m«lu  liu«urd,  and  introduced  the  oI«l  figure  from  *  Edwards's  Nat.  Hist, 
vol.  IL  tab*  78  (1747),*  fig.  64,  with  the  enmnt  ftorf  of  ihe  Mb>galar  ««t«r>|MMich, 
ivblch  Edwftrdfl  derived  from  the  anatomist  Douglas.  In  1848  I  had  the  desired 
opportunity  ond  made  the  preparation,  No.  772,  q,  described  in  the  '  I'hvsiolof^iciil 
Catalogue  of  the  llunterian  Collection.'  The  supposed  gular  pouch  is  a  large  cervical 
air*eell,  fig.  54,  a,  capable  of  inflation  waA  ^gularly  swelliog  out  the  neck  in  the 
wnocoiu  male  Boiiard.  See  xsxTiir. 
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smaUiiMB  of  tiie  oljeetB  wbioh  oooBtitate  the  food  of  this  spe* 


cies. 

BesideB  deglutition*  the  ceaophagna  is  frequently  concerned  in 
regurgitation;  and  in  the  Biida  in  vluch  thifl  phenomenon  oocun» 
themuBColar  coat  of  tiie  gullet^like  tiiat  in  Buminanta,  ia  well  de- 
veloped. The  Rapiorei,  for  example*  habitnaUy  r^guigitate  tiie 
bonea*  feathera*  and  otiier  indigeatible  parta  of  tiieir  praj*  which, 
in  tiie  language  of  Faloonzj*  are  called  '  caatinga.*  I  have  ob- 
aenred  a  Toucan  to  r^pirgitate  partially  digeated  food*  and  after 
gnhmitting  it  to  a  rude  kind  of  maatication  by  ita  enonnoua  beak* 
again  to  swallow  it. 

The  QBBOphaguB  poaaeaaea  an  external  cellular  covering,  a  mus- 
cular coat*  an  intenial  Taaoular  tunic,  and  a  cnticular  linbig.  The 
muscular  coat  connata  of  two  layers  of  fibres ;  in  the  external 
stratum  they  arc  tranayerse*  fig.  81*  a*  in  the  internal  longitu- 
dinal,  ib.  b.  The  mucouB  coat  is  generally  disposed  in  lon^- 
todiiKil  folda*  rarely  connected  by  tranavene  fidda;  atill  more 
rarely  villous,  as  in  the  Ostrich.^ 

In  those  Birds  which  are  omnivorous,  as  the  Toucans  and 
Hombills,  in  tlic  fnigivorous  and  insectivorous  Birds,  and  in 
moat  of  the  Grallatorei,  which  find  their  food  in  tolerable  abun- 
dance and  take  it  in  small  quantities  without  any  considerable 
intermission,  it  passes  at  once  to  the  stomach  to  be  there  su<^ 
oeaaiyely  digested*  and  the  gullet  preaenta  no  partial  dilatations 
to  serve  aa  a  temporary  reaerroir  or  macerating  receptacle.  But 


78 


in  the  larger  Eaptorial 
Birds,  as  the  Eagles  and 
Vultures*Tdiich  gorge  them- 
aelyea  at  uncertain  intervala 
firom  the  carcasea  of  bulky 
prey*  the  cesophagua  does  not 
preserve  a  uniform  width, 
but  undergoes  a  lateral  di- 
latation anterior  to  the  fur- 
culum  at  the  lower  part  of 
the  neck.  This  pouch  ia 
termed  the  ingluvieM  or 
crop,  fig.  78,  A. 


In  those  Birds,  again,  the 
food  of  which  is  exclusively 
of  the  vegetable  kind,  as 
grains  and  seeds*  and  (d 


*  XX*.  vol.  i.  p.  12S,  pnp.  no.  458. 
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y       which  consequently  a  great  quantity  must  be  taken  to  produce 
the  adequate  supply  of  nutriment,  and  where  the  cavity  of  the 
3        gizzard  is  very  much  dimi- 
,.        nished  by  the  enormous 
;,        thickness  of  its  muscular 
J        coat,  the  crop  is  more  de- 
.        veloped,  and  takes  a  more 
J.        important  share  in  the  di- 
I        gestive  process.  Instead 
of  a  gradual  lateral  dilata- 
tion of  the  gullet,  it  as- 
sumes the  form  of  a  glo- 
bular or  oval  receptacle 
ai)pended  to  that  tube,  and 
rests  upon  the  elastic  fascia 
I        which  connects  the  clavi- 
cles or  two  branches  of  the 
furculum  together. 

In  the  Common  Fowl  the  crop  is  of  large  size  and  single, 
fig.  79,  hy  but  in  tlie  Pigeon  it  is  double,  consisting  of  two  lateral 
oval  cavities,  fig.  80,  b,  c. 

The  dilatation  of  the  ^ 
oesophagus  to  form  the 
crop  is  more  gradual  in  the 
Ducks  than  in  the  Galli- 
naceous Birds.  The  crop 
is  wanting  in  the  Swans 
and  Geese  ;  but  is  present 
in  that  modified  Anserine, 
the  Flamingo. 

The  disposition  of  the 
muscular  fibres  of  the  crop 
is  the  same  as  in  the  ccso- 
phagus,  but  the  mucipar- 
ous follicles  of  the  lining 
membrane  are  larger  and 
more  numerous.  This  dif- 
ference is  most  conspicuous 
in  the  inglu\ne8  of  the 
Ipranivorous  Birds,  where 
it  is  not  merely  a  temjM)- 
rary  reservoir,  but  in  which 
the  food  is  mixed  with  the  abundant  secretion  of  the  glands,  and 
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becomes  soilened  and  macerated,  and  prepared  for  the  tritiiratiii^ 
action  of  tlie  gizzard  and  the  solvent  power  of  the  gastric  secretion* 
The  change  which  the  food  undergoes  in  the  crop  is  well  known 
to  bird«£uiGier8.  If  a  Pigeon  be  allowed  to  swallow  a  great 
quantity  of  peas,  they  will  swell  to  such  an  extent  as  almost  to 
suffocate  it. 

The  time  during  which  the  food  remains  in  the  crop  depends 
upon  its  nature.  In  a  common  Fowl  animal  food  will  be  detained 
about  eight  hours,  while  half  the  quantity  of  vegetable  substances 
will  remain  from  sixteen  to  twenty  hours.  Hunter  made  many 
interesting  observations  on  the  crop  of  Pigeons,  which  takes  on  a 
secreting  function  during  the  breeding  season,  for  the  purpose  of 
supplying  the  young  pigeons  in  tlie  callow  state  with  a  diet  suit- 
able to  their  tender  condition.'  An  abundant  secretion  of  a 
milky  fluid  of  an  ash-grey  colour,  which  coagulates  with  acids 
and  fonrv^  curd,  is  ])oured  out  into  the  crop  and  mixed  with  the 
maceratiii;j;  f^rains.  This  phenomenon  is  the  nearest  approach  iu  the 
class  of  liii  ds  to  the  characteristic  mammary  lunetion  of  a  higlu  r 
class;  ami  I  he  analogy  of  the  *  pigeon's  milk' to  the  lacteal  secretion 
of  the  Alainiiialia  has  not  escaped  popular  notice.  In  fig.  8U,  one 
side  of  the  crop,  b,  shows  the  ordin;iry  structure  of  the  parts,  the 
other,  c,  the  state  of  the  cavity  during  the  period  of  rearing  the 
young.  The  secretion  consists  of  proteine  with  oil,  but  contains 
no  sugar  of  milk  nor  fluid  caseine. 

The  canal  continued  from  the  ingluvies  to  the  stomach  is  called 
the  lower  oesophagus;  at  its  commencement  it  is  narrower  and 
more  vascular  than  that  part  which  jireccdes  the  crop,  but 
gradually  dilates  into  the  first  or  glandular  division  of  the 
stomach,  which  is  terme<l  tlie  *  pro\entnci\his^  ( ventriculiis  suc^ 
centuriatus,  bulbus  glandulosus,  echinus^  inJuudiOuluni),  figs.  78, 
79,  80,  c. 

The  proventriculus  of  the  Bird,  like  the  spiral  valve  of  the 
Shark,  is  an  alimentary  surface  packed  iiuo  the  smallest  space: 
in  the  latter  the  membrane  is  chylific,  in  the  former  chymiiSc  or 
digestive :  every  follicle  is,  in  fact,  a  jjortion  of  the  peptic  secret- 
ing surface,  with  its  gastric  tubuli  at  right  angles  thereto ;  the 
surface  being  moulded  to  form  cither  a  simple  or  compoimd 
cavity. 

In  birds  witli  a  wide  crsophagus,  fig.  78,  o,  the  counnencement 
of  the  ])roventricuhis  is  not  indicated  by  any  change  in  the 
dirccti(»ii  or  diameter  of  the  tube,  but  only  by  its  greater 
vascularity,  by  the  dificrcnce  in  the  structure  of  the  huiug  mem- 
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bnme,  and  by  the  stratum  of  glands  wluoh  open  upon  its  mner 
gurface»  and  wliieh  are  ita  eaaential  diaracteriatic^  Ag.  81,  c. 
Hence  it  la  by  some  comparative  anatomistB 

regarded  as  a  part  of  the  oesopliagu.s. 

The  proventriculus  varies,  however,  in 
form  and  magnitude  in  different  Birds.  In 
the  Rasores  it  is  larpjer  than  the  oesopha- 
iius,  hut  niiu  h  smaller  than  the  jnzzard.  In 
Kuphom  s  '  it  f  orms  almost  the  entire  st<v 
niach,  the  gizzard  heing  minute:  in  Alcedo 
(ij»jK»site  pr<)|>ortions  prevail.  In  the  Psit- 
tarid(E  and  ArdcitUp  ( Parrot  and  Stork 
tribe)  it  is  larger  than  the  gizzard,  and  of  a 
ditfercnt  form.  In  the  ( )strich  the  proventriculus  is  four  or  five 
times  larger  than  the  triturating  division  of  tlie  stomachy  being 
continued  down  below  the  liver, 
and  then  bent  up  upon  itself 
towards  the  right  side  l)efore  it 
terminates  in  the  gizzard,  which 
is  pliiecd  on  the  right  and  anterior 
part  of  this  dilatation. 

In  the  majority  of  Hirds  the 
gastric  lollicles  arc  simple,  having 
no  internal  cells,  dilated  fundus, 
or  contracted  neek  ;  but  from 
their  external  blind  extremitv 
pr<K*e(Hl  with  an  unift»rm  tliumeter 
to  their  internal  orifice.  This 
form  obtains  in  the  zoophagous 
and  omnivorous  IJirds.  In  the 
Dove-tribe  the  follicles  are  of  a 
conical  shape  ;  in  the  Swan  they 
are  tubuliform  ;  in  the  GfM»sc  and 
Turkey  they  present  internal 
loculi;  in  the  Ostrich  and  Uhea 
these  loculi  are  so  developed  that 
each  gland  forms  a  racemose 
jrroup  of  follicles,  terminating  by 
a  common  aperture  in  tlie  pro- 
ventriculus. 

The  subjMliicd  ligures  show  the  dilici  cnt  forma  of  the  solvent 
or  proveutncular  glaudd  iu  different  Birds. 
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The  gastric  rrlands  arc  variously  arranged. 

Ainojig  the  /{(/jfforrs,  i\\u\  them  in  the  Goltleii  Kfifjlc  dip- 
pnsod  ill  tlie  form  of  a  broa<l  fompact  belt:  in  tlie  >S})arruwliawk 
this  belt  is  slightly  (lividc<^  into  lour  distinct  portions. 

In  the  Inspssori's  the  glands  are  generally  arranged  in  a  c<^n- 
tinuous  zone  arouTid  the  proventrienlus ;  bnt  in  some  ol  tlie 
Sf/ndactyli,  as  the  Uornbill,  the  circle  is  compoaetl  of  the  blending 
together  of  two  large  oval  groups, 

Amongr  the  Sra}is()res  the  Parrots  have  the  gastric  glands  dis- 
posed  in  a  continnons  circle,  which  is  at  some  distance  from  the 
small  gizzard.  In  the  \\  ood peckers  the  glands  are  arranged  in  a 
triangular  form,  with  the  apex  towards  the  gizzard.  In  the  Tou- 
can they  are  disj)ersed  over  the  whole  proventriculus,  but  are 
more  closely  aggregated  near  the  gizzard;  the  lining  membrane  of 
the  cavity  is  reticulate,  and  the  orifices  of  the  glands  are  in  the 
interspaces  of  the  meshes. 

Among  the  Riisons  the  Pigeon  shows  its  affinity  to  the  Pas- 
serine Birds  111  liaving  the  gastric  glands  of  a  simple  sLrm  uire, 
and  arrangeil  in  a  zonular  form:  they  are  chiefly  remarkable  for 
their  large  cavity  and  wide  orifice.  In  the  Common  Fowl  and 
Turkey  tlie  glands  ai'e  more  complex,  and  form  a  complete 
cii'cle. 

In  the  Cursores  the  arrangement  of  the  glands  is  different  in 
almost  every  genus.  In  the  Ostrich  they  are  of  an  extremely 
complicated  structure,  and  are  extended  in  unusual  numbers  over 
an  oval  space  on  the  left  side  of  the  proventriculus,  wliich 
reaches  from  the  top  to  the  hottom  of  the  cavity,  and  is  about 
four  inches  broad.  The  Bhea  haa  the  solvent  glands  aggregated 
into  a  single  circuUur  patch,  which  occupies  the  posterior  side  of 
the  proventricular  cavity.  In  the  Emeu  the  gastric  glands  are 
scattered  over  the  whole  inner  surface  of  the  provenlriculus,  and 
are  of  large  size ;  they  terminate  towards  the  gizzard  in  two 
oblique  lines.  In  the  Cassowary  the  glands  are  dispetaed  over 
the  proventriculus  with  a  similar  d^ee  of  uniformity;  but  they 
are  smaller,  and  their  lower  boundary  is  traasverB&  In  the 
Apteryx  the  glands  occupy  its  whole  drcumference,  opening  ui 
the  meshes  of  a  reticulate  surface.^ 

Among  ^e  GraUatores,  the  Marabou  {dcouia  art/ala)  has  the 
nearest  affinity  to  the  Rhea  in  the  structure  and  disposition  of 
the  gastric  glands ;  they  are  each  composed  of  an  aggregate  of 
five  or  six  foUides,  terminating  in  the  proventriculus  by  a  com- 
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mon  aperture;  and  they  art  disposed  in  two  compact o\ul  masses, 
one  on  the  anterior,  the  other  on  the  jM>8terior  Rurface  ol"  tho 
cavity.  In  tlie  Heron  (Ardea  cinerea)  tlic  solvent  glands  are  of 
more  simple  structnre,  and  are  more  dispersed  over  the  j)ruven- 
triculus ;  but  still  they  are  most  nunu  i  ouii  on  the  anterior  and 
posterior  surfaces.  In  the  Flamingo  the  gastric  glands  are  short 
aud  simple  fuUicles,  arranged  in  two  large  oval  groups,  which 
blend  together  at  their  edges. 

The  Af/fafort's  present  considerable  differences  among  them- 
selves in  the  disposition  of  the  solvent  glands.  In  the  Cormorant 
{Pludacrocornr  curlm)  they  are  arranged  in  two  circular  s^mti^, 
the  one  anterior,  aud  the  other  posterior ;  wlulr  in  the  closely 
aUied  genus  Sula,  or  Gannet,  they  form  a  eoniplete  belt  of 
great  width,  and  consequently  arc  extremely  nmuerons.  In  this 
respect  the  Ghmnet,  or  Solan  Goose>  shows  a  nearer  affinity  to 
the  Pelican. 

In  the  Sea-(ialls  the  gastrie  glands  form  a  continuous  zone; 
and  in  the  Little  Awk  {Aha  alU  )  they  are  spread  over  a  great 
pro|>ortloiial  extent  uf  surface,  and  the  f(»rm  of  the  digestive 
organs  is  j>eculiar.  The  proventriculus  is  continued  from  ihe 
flcsophagus,  with  very  gra^lual  »  nliirgement,  below  the  liver,  and 
is  then  bent  \\\\  to  the  riirht  side,  and  teriniiiatcs  in  the  gi/./ard. 
The  solvrnt  glands  are  situated  at  the  anterior  or  upper  part  of 
the  cavity  everywhere  surrounding  it,  but  lower  down  they  lie 
principaJlv  upon  the  posterior  surface,  and  where  it  is  bent 
upward  toward  the  right  side  they  arc  entirely  waunng.  In  the 
graminivorous  lamellirostral  Water-birds,  a.«5  the  Swan,  Goose, 
Ikc.^  the  gastric  glands  have  a  simple  elongated  exterior  form,  but 
bav  e  an  irregular  or  cellular  internal  suriace :  they  are  closely 
an  aiigud  so  as  to  form  a  e(»inplcte  zone. 

In  general  the  musrtdar  or  j)yh)ric  division  of  the  stomach 
called  *  gizzard '  {f/lffrnuiH,  ventriculus  bulhosus),  innnediiitely 
bu<-eeeds  the  glandular  or  cardiac  division;  but  in  some  liirds,  as 
th*'  Awk  and  Parrot**,  there  is  an  intervening  ]x>riiou  without 
glands. 

The  f/izzarti  is  situated  below  or  sacrad  of  the  liver,  on  the  left 
side  of  the  abdomen,  generally  resting  on  the  mass  of  intestines. 
In  the  Owl  tlie  in/./.urd  tidheres  to  the  meni)>rane  covering  the 
internal  surface  ()f  the  aitdomiual  muscles;  but  in  most  Birds  it 
a  n!i»rc  dor-al  ]>o>ition. 

In  all  lin  l-  ili  •  gizzard  forms  a  more  or  less  lengthened  sac, 
having  at  its  iipper  part  two  apertures  :  one  of  these  is  of  largo 
size,  conuauuicating  with  the  proventnculus,  figs.  83,  84,  a,  the 
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second  is  in  dose  prozimitj  with,  and  to  the  right  ride  of  the  pr&> 
ceding,  leading  to  the  duodenum,  ib.  9;  below  these  apertures 
the  cavity  extends  to  form  a  cul-de-«ac,  c.   At  the  middle  of  the 

anterior  and  posterior  parts 
of  the  cul-deHg«c  there  is  m 
tendon,  figs.  78, 79,  e,  from 
which  the  muscukr  fibres 
radiate. 

The  differences  in  the 
stmctuxe  of  the  ginard 
resolve  themselves  into  the 
greater  or  less  extent  of 
die  tendons,  and  the  greater 
or  less  thickness  of  the 
muscular  coat,  and  of  the 
lining  membrane. 

In  the  Raptwres  the  gis>- 
zard,  fig.  78,  d,  assumes 
the  form  of  a  mere  mem- 
branous cavily,  in  accord- 
ance with  the  animal  and 
easily  digestible  nature  of 
their  food.  The  muscular 
coat  is  thin ;  the  fibres  prin- 
cipally radiate  from  small 
tendoTis,  i)).  «\  and  tliorc  are  some  longitudinal  fibres  beneath  the 
ratlialinn^  or  external  layer. 

In  the  Basons  and  lamellirostral  Nntatores  it  exhibits  the 
strueture  to  which  the  term  gizzard  ean  he  more  appropriately 
a])plied,  fign.  83,  84.  The  muscnlar  fil»re.s  arc  distinguished  by 
their  unparalleled  density  of*  texture  and  deep  colour,  and  ure 
arrantrcd  in  four  masses;  two  are  of  a  hemispherical  form,  and 
their  eIoselv-i)a('ke(l  fihres  run  transversely  to  be  connected  tO 
very  strong  anterior  and  p»)sterior  tendons,  fig.  84,  e;  they  00O» 
Btitute  the  sides  of  the  \i\/:/mv<\,  and  are  termed  the  digastric 
muscles  or  *  nnisculi  lateralcs,'  fl^^  83,  d:  hctAveen  these,  at  the 
end  of  the  «rizz:inl,  are  the  two  smaller  and  thinner  muscles  called 
*  musculi  intcrnicdii/  fig.  84,  /".  There  are  like^vise  irregular 
bands  placed  ahout  the  eircumferenee  of  the  gizzard. 

Fig.  83  shows  the  relative  thickness  of  the  musculi  laterales  IB 
the  gizzard  of  a  Swan,  aud  fig.  84  that  of  the  musculi  intermedii 
and  tendon. 

The  internal  coat  of  the  gizzard,  fig.  84,  c.  A,  is  extremely  hard 
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and  tliicky  and  being  of  a  homy  nature,  it  ia  liable  to  be  increased 
bj  preflsore  and  friction,  and  as  it  is  moat  subject  to  these  in- 
fluences at  the  parts  of  the  gizzard  opixmte  the  musculi  laterales; 
two  callous  buttons  are  there  formed,  ib.  ff,  y.  It  is  here  that 
the  fibrous  structure  of  the  lining  membrane  can  be  most  plainly 
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seen:  ainl  it  is  wortliy  of  ()l>sorvati()n  that  the  fihres  are  not 
j)erpeii(licular  to  tlie  phiiic  of  the  inusclcs,  hut  oljliquc,  and  in 
0})|M»site  directliiiis,  on  tlic  two  si(U\^.  Klsouhcre  the  cuticuhir 
lining  is  disj)osed  in  ridj;cs  and  prominences,  figs.  84,  80,//,  which 
vary  in  ditferent  hirds,  hut  arc  pretty  constant  in  the  same  species. 
In  a  Petrel  {Procellarta  f/Iarialls),  the  lining  membrane  is  dis- 
posed in  a  (mvement  of  small  square  tubercles,  like  the  gastric 
teeth  of  some  MoUusks. 

The  cavity  of  the  gizzard  is  so  encroached  upon  by  the  grinding 
apparatus,  that  it  is  necessarily  very  small,  the  two  homy  callo- 
sities having  their  internal  flat  surfaces  opposed  to  one  another, 
like  'millstones.'  A  crop  is  as  essential  an  a^[>endage  to  this 
stracture  as  is  the 'hopper*  to  the  mill;  it  receives  the  food  as  it 
is  swallowed,  and  supplies  it  to  the  gizzard  in  small  successive 
quantities  as  it  is  wanted.' 

Between  the  stomach  of  the  carnivorous  Eagle  and  that  of  the 
graminivorous  Swan  there  are  numerous  intermediate  stractures, 

*  Thiu  we  find  in  Parroify  where  the  gizzard  is  remarkably  small,  that  a  crop  is 
present.  A  like  noepude  eodau  alio  in  Uu>  Flamingo,  in  wbidi  Uia  giaiard  if  anall 
bat  itrvag. 
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but  it  is  necessary  to  ol)servc  that  the  animal  or  vegetable  nature 
of  the  food  cannot  always  be  divine<i  from  the  different  degrees 
of  strcngtli  in  the  gizzard.  Hardcoated  coleopterous  insert-?, 
for  exani])le,  require  thicker  parietes  for  their  due  cuuumuution 
than  pulpy  succulent  fruits. 

In  the  Bubgenus  J^uphoueHf  among  the  Tanap;crs,  the  muscular 
or  pyloric  division  of  the  stomach  is  remarkably  small  and  not 
separated  from  the  (luodenuui  by  a  narn)>v  pylorus. 

The  parictes  of  the  gizzard,  like  those  of  other  muscular 
cavities,  become  thickened  when  Btimulated  to  contract  on  their 
contents  with  greater  force  than  usnal.  In  the  Hunterian  col- 
lection this  fact  is  well  illustrated  by  preparations  of  the  gizzard 
of  the  Sea-Gull  in  the  natural  state,  and  that  of  another  Sea-Gull 
which  had  been  brought  to  feed  un  barley.  The  digaiitric  muscles 
in  the  lattor  arc  more  than  double  the  thickness  of  those  in  the 
Sca-Gnll  which  had  lived  un  tish.' 

The  immediate  agents  in  triturating  the  food  are  hard  foreign 
bodies,  as  sand,  gravel,  or  pebbles. 

Pigeons  carry  gravel  to  their  young.  Gallinaceous  Birds  grow 
lean  if  deprived  of  ])cbblcs ;  and  no  wonder,  since  experimeut  * 
shows  that  unless  the  grains  of  corn  are  bruised,  and  deprived  of 
their  vitality,  the  gastric  juice  Avill  not  act  upon  or  dissolve  them. 
The  observations  and  experiments  of  Hunter  have  completely 
established  the  truth  of  Kedi^s  opinion,  that  the  pebbles  perform 
the  vicarious  office  of  grinding  teeth. 

Hunter  inferred  from  the  £om  of  haur-balle  occasionallj  fomid 
in  the  stomaeh  of  Cuokooe,'  tbat  the  action  of  the  great  lateral 
muscles  of  the  gizzard  was  rotatory.  Harvey  appears  to  have 
first  investigated,  by  means  of  the  ear,  as  it  were  in  anticipation 
of  the  art  of  auscultation,  the  actbns  which  are  going  on  in  the 
interior  of  an  animal  bodjr,  in  reference  to  the  motions  of  the 
gizzard.  He  observes  (De  Generatione  AnimaKum,  in  Opera 
Omnia,  4to,  p.  208),  '  Falconibus,  aquilis,  aliisque  avibus  ex 

•  XV.  vol.  i.  p.  149,  prep.  522,  t),  nnd  :.L>.). 

'  Grains  uf  barloj,  inclosed  in  strong  perforated  tubes,  pass  ihrough  the  alimenUry 
eanal  unchanged.   Dead  meat,  similarly  introdnced  into  the  gizzard,  if  diatolted. 

'  The  hairs  of  caterpillars  devoured  by  this  bird  are  sometimes  pressed  or  stuck 
into  the  horny  lining  of  the  gizzard,  instead  of  heing  collected  into  u  loose  ball.  They 
are  then  neatly  prewed  down  in  a  regular  spiral  direction,  Uke  the  nap  of  a  hat,  and 
hftTB  <»fteii  been  mistaken  for  the  notonl  stmetnre  of  the  gisxard.  One  of  these  speci- 
mens, exibited  at  such  to  the  Zoological  Sodetj,  was  sent  lo  me  for  eacaminatioo,  when, 
upon  phxcinj;  some  of  the  supposed  j^nstric  hairs  under  the  microscope,  tljey  cxhiMted 
the  peculiar  complex  structure  of  the  hairs  of  tha  larva  of  the  Ti},'cr-niut!i  (.lr<  /«V» 
caja),  and  the  broken  surface  of  the  extremity  which  wu^  btuck  into  the  cuiiculur 
liniag  WM  pUinlj  difcetnible.  See  Ph/cetdm^  ^Ztel  Soe,  1S34,  p.  9. 


Digitized  by  Google 


INTESTINES  OF  BIRDS. 


167 


preda  viventihiis,  si  aurem  prope  iniinovc  ri^  dum  ventriculus  jc- 
junus  est,  UKiiiitestos  intus  strepitus  lajiilhu  uin  illuc  iiii{estoriira, 
iuviccmquc  coIUsorum,  pcrcipias.'  And  Hunter  observes  {Animal 
(Econonii/.Aio,  ]).  198), '  The  cxteutof  motion  iu  grindstones  need 
not  he  the  tenth  of  an  inch,  if  their  motion  is  alternate  and  in 
contrary  directions.  But  althou^^h  the  motion  of  the  gizzard  in 
hardly  visible,  yet  we  may  l)c  made  very  sensible  of  its  action  by 
putting  the  ear  to  the  sides  of  a  fowl  while  it  is  grinding  its  food, 
when  the  stoncji  can  be  lieard  moving  upon  one  another/  Tiede- 
mann  beheved  that  the  nmseles  of  the  gizzard  were  in  some  degree 
vohintary,  having  observed  tliat  when  lie  placed  liis»  hand  opposite 
the  gizzard,  its  motions  sudderdy  sto|>j)ed. 

The  pyloric  orifice  of  the  gizzard  is  guarded  by  a  valve  in  many 
Hirds,  esj)ecially  in  those  which  swallow  the  largest  stones.  This 
valve  iu  the  Ostrich  is  formed  hy  a  rising  of  the  cuticle  divided 
into  six  or  seven  ridges,  which  close  the  pylorus  like  a  grating, 
and  allow  only  stones  of  small  size  to  pass  through.  In  the 
Touraco  the  pylorus  projects  into  the  duodenum  in  a  tubular  form. 
There  is  a  double  valve  at  the  jiyloric  orifice  in  the  (iannet,  and 
a  single  large  valvular  ridge  at  the  same  part  in  the  Gigantic 
Crane.  In  this  species  and  some  other  Waders,  as  the  Heron 
and  Bittern ;  also  in  the  Pelican,  and,  according  to  Cuvier,  in 
the  Penguin  and  Grebe,  there  is  a  small  but  distinct  cavity  inter- 
|>osed  between  the  gizzard  and  intestine.  The  analogous  struc- 
ture has  been  described  in  the  Crocodile  (vol.  L  p.  442,  lig. 
298,  ff). 

The  intestines  reach  from  the  stomach  to  the  cloaca ;  in  relative 
length  they  are  much  shorter  than  in  the  Mammalia.  In  the 
Toucan,  for  cxam[)le,  the  whole  intestinal  canal  scarcely  equals 
twice  the  length  of  the  body,  including  the  bUl.  The  canal  is 
divided  into  small  and  large  intestines,  sometimes  by  an  internal 
valve,  sometimes  by  the  insertion  of  a  single  coccum,  but  most 
generally  by  those  of  two  coMsa,  which  are  always  opposite  to  one 
another.  In  a  few  instances  there  is  no  siich  distinction.  The 
8mall  intestines  and  cceca  are  longest  in  the  vegetable  feeders. 
The  large  intestine  is,  with  one  or  two  exceptions,  very  short  and 
straight  in  all  Birds. 

The  course  of  the  small  intestine  varies  somewhat  in  the  dif- 
IV rent  orders  of  Birds;  it  is  always  characterised  by  the  elongated 
fold  or  loop  ma<lc  by  the  duodenum,  fig.  85,  /,  /,  which  fold  re- 
ceives the  pancreas,  ib.      7,  in  its  concavity. 

In  the  Raptures  tlie  intestines  are  geucrally  disposed  as  fol- 
lows :  — 
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The  duodenum  fonns  a  long  and  broad  iM,  the  lower  part  of 
which  is  commonly  bent  or  doubled  upon  itself;  the  intestine 
then  passes  baokwafd  on  the  right  side  of  the  abdomen,  crosses  to 
the  left^  and  is  disposed  in  deep  folds  upon  the  edge  of  a  scolloped 


85 
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mesentery ;  towards  its  termination  the  ileum  passes  up  ))eliind 
the  stomach  and  adheres  to  it,  having  here  but  ii  narrow  mesen- 
tery ;  then  passin<;  down  the  ]X)sterior  part  of  the  abdomen  the 
ileum  makes  another  loose  fold  and  ends  in  the  rectum,  which  is 
continued  straight  to  the  cloaca.'  In  the  Owls,  the  last  fold  of 
the  ileum  is  nearly  as  long  as  the  duodenal  fold,  and  the  ceeca 
adhere  to  each  side  of  the  fold. 

In  the  Diurnal  Raptores  the  intestinal  canal  is  only  twice  the 
length  of  the  body,  except  in  the  fish-eating  Osprey,  in  which  the 
intestines  are  very  narrow,  and  are  to  the  length  of  the  Bird  itself 
as  eight  to  one. 

In  the  Canioret  the  scolloped  folds  of  the  small  intestine  are 
narrower  and  longer  than  in  the  Baptoret,  and  the  ileum  gene- 
rally adheres  to  &e  duodenal  mesentery  and  pancreas  instoid  of 
to  tiie  stomach,  prior  to  passing  down  to  form  its  last  fold  and  to 
terminate  in  the  rectum.  In  tiie  Raven  the  small  intestines  are 
disposed  at  their  commencement  in  concentric  folds. 

Among  the  Seantoru  the  Cuckoo  presents  the  following  dia- 

'  la  fig.  78,  the  inlMtines  are  not  repraaeoted  Moordtng  lo  their  utwil  emuige- 

ment. 
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position  of  the  iutestinal  canal :  after  the  usual  long  aiul  narrow 
duodenal  fold,  the  ileum '  makes  a  fold  which  m  widened  at  the  eud ; 
it  then  liuius  a  close  fold  upon  itself,  at  the  termination  (»f  which 
the  rcetniu  commences.  In  the  Maccaw  the  conrse  of  the  small 
intestine  is  somewhat  peculiar  :  after  forming  the  duodeual  fold, 
it  is  disposed  in  three  distinct  packets  of  folds :  the  intestine, 
after  forniiug  tlie  first  two,  passes  alternately  from  one  to  the 
other,  describing  shorter  folds  upon  each  ;  it  then  Uams  the  third 
distinct  fold,  which  is  a  long  one,  at  the  termination  of  which  tlie 
ileum  adheres  closely  to  the  right  side  of  the  gizzard,  and  then 
passes  haekwani  and  dilates  into  the  rectum. 

In  the  Jia^orcs  the  Dove-tribe  have  ihe  small  intestines  dis- 
posed in  three  principal  folds ;  the  first  is  the  duodenal  fold,  fig. 
H5,  J\  f;  the  second  is  a  long  and  narrow  fold,  coiled  and  doubled 
upon  itself,  with  the  turns  closely  connected  together,  ib.  k;  the 
third  is  also  a  long  fold,  which  is  bent  or  twisted,  ib.  k'.  In  the 
Common  Fowl  the  duodenum  is  disjmsed  iti  a  long  simple  Km>p  ; 
the  ik  um  passes  t/>ward  the  left,  and  is  disposed  in  loose  folds  on 
the  right  and  lower  edge  of  the  mesentery  ;  the  ileum  before  its 
termination  passes  up  behind  the  precedin<^  folds,  and  is  accom- 
panied as  I'ar  as  the  root  of  the  mesentery  by  the  two  coeca,  which 
there  open  into  the  commencement  of  the  large  intestine. 

The  Ostrich  presents  the  most  complicated  course  of  the  in- 
testinal canal  in  the  whole  class  of  Birds.  The  duodenal  fold  is 
about  a  foot  in  length,  and  the  returning  part  makes  a  bend  upon 
itself  before  it  reaches  the  pylorus;  the  intestine  then  turns  dowu 
again  behind  tlje  duodenal  folds  and  gradually  acquires  a  wider 
mesentery.  The  ileum  afu  r  a  few  folds  ascends  toward  the  left 
side,  aceompanied  by  the  two  long  cott  a,  and  becomes  again  con- 
nected with  the  posterior  part  of  the  duodenal  mesentery  ;  beyond 
which  the  ccecji  ciiier  the  intestine  behind  the  root  of  the  me- 
sentery, and  the  large  intestine  commences.  This  part  differs 
from  the  rectum  in  other  Birds  in  its  great  extent,  being  nearly 
double  the  length  of  the  small  intestines,  and  being  disposed  in 
folds  upon  a  wide  mesentery.  It  tci  iniuates  by  an  oblique  val- 
\ulaf  sip*  i  im\-  iu  a  large  ui  iiiaiy  receptacle.  In  the  Bustard  the 
rectum  is  a  foot  in  length,  which  Is  the  nearest  approach  to  the 
Ostrich  which  the  rest  of  the  class  make  in  this  respect. 

The  small  inte>tines  in  the  Grdlldtorts  are  characterised  by 
their  small  diameter  and  long  and  narrow  folds;  these  are  some- 
tiuKM  extended  parallel  to  one  another,  asiu  the  Crane  and  Coot; 

*  Tfit  re  i»  Mldom  m/  pan  of  the  mwU  iDtesUne  amplj  to  m  to  merit  Uw  luuae  of 
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or  folded  concentrically  in  a  mass,  as  in  the  Curlew  anrl  Fla- 
mingo. In  the  latter  species  tlie  duodenal  fold  is  four  inches 
in  length ;  then  the  small  intestines  are  disposed  in  twentj-one 
elliptical  spiral  convolutions,  eleven  descending  towards  the  rectum 
and  ten  returning  towards  the  gizzard  in  the  interspaces  of  the 
fomer. 

Many  of  the  A  a  into  res  present  a  concentric  disposition  of  the 
folds  of  the  unall  intestines  similar  to  the  Flamingo. 

The  arrangement  of  the  muscular  fibres  of  the  intestine  is  the 
same  as  in  the  oesophagus^  the  external  layer  being  transTerae^  the 

internal  longitudinal. 

The  villi  of  the  lining  membrane  manifest  an  analogy  with  the 
covei*ing  of  the  outer  skin,  being  generally  much  elongated,  so  as 
to  present  a  downy  appearance  when  viewed  under  water.  There 
are,  hoAvever,  great  varieties  in  the  shape  and  lengtli  of  the  villi. 
In  the  Knieu  they  consist  of  smn]l  lainclhu  of  the  lining  inoi^i- 
branc  folded  like  tlu-  l  i  ill  of  a  t?hirt.  In  the  Ostrich  the  lanieilic 
are  thin,  long,  and  numerous.  In  the  i'  laniingo  they  are  short 
and  arranged  in  parallel  longitudinal  zig-zag  lines. 

In  many  Birds  a  diverticulum  is  observed  in  the  small  in- 
testine, which  indicates  the  place  ot  attachment  of  tJie  i>edicle  of 
the  yolk-hag  in  the  eml^ryo,  fig.  79,  w.  We  have  found  this  pro- 
cess half  an  inch  in  length  in  the  Gallinule,  nnd  >-ituated  seven- 
teen inches  from  the  ])ylorus :  in  a  Bay  Ilus  {litis  fdh-ineUfi) 
the  vitelline  coecum  was  an  inch  in  leuijth :  in  a  vuunt:  female 
Apteryx  it  dilated  into  a  sac,  about  an  inch  in  diameteTj  with  a 
yellowish  stratum  of  the  remains  of  the  yolk.^ 

The  Birds  in  which  the  caica  cali  have  been  found  wanting  are 
comparatively  few,  though  such  examples  occur  in  all  the  orders. 
These  exceptions  are  most  frequent  among  the  Scansores,  in 
which  the  absent  in  the  Wrvnecks,  the  Toucans,  the 

Touracos,  the  I^arrot-tribc,  and  according  to  Cuvicr  in  the  Woo<l- 
peckers.*  In  the  Insessores  the  coeca  are  deficient  in  the  Hornbill 
and  the  Lark.  Among  the  (rrti/lafons,  we  have  found  them 
wanting  in  a  Spoonbill.  In  the  Nutaloren  they  are  absent  in  the 
Connorant.  The  Herons,  Bitterns,  and,  occasionally,  the  Grebes 
atl'ord  the  rare  examples  of  a  feiugle  caecum,  which  is  also  remark- 
ably short. 

In  the  Raptores  the  diurnal  and  nocturnal  tribes  differ  re- 
markably in  the  length  of  the  cocca.    They  are  less  liiau  iiaU 

•  XI'. 

'  la  the  Pti|)ii)jay  (Pinr<  fiitfiis  LinD.)  wc  hnvo  found  two  mdoU  OflBGt»  to  dois^ 
adbenog  to  th^  unciuuc  m  cu&u/  lo  be  overlooked. 
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an  inch  in  length  in  the  Ea^lcd  and  Vultures,  but  arc  occii- 
monally  Tvanting  in  the  latter.  Cuvier  states  that  tlic  crrca  are 
deficient  in  the  greater  part  of  the  Diurnal  Raptores,  but  ^vc  lia\  c 
observed  them  in  the  HaUmtus  AibiciUa,  Aquila  ChrystcBtos,  Astur 
palutnbariiiSf  and  Buieo  nisus.  They  seldom  exceed  the  kn^tli 
above  mentioned,  fig.  78,  ^,  and  in  the  Secretary  Vulture  they 
form  mere  tubercles.  In  the  Barn  Owl  the  cocca  se\  erallv 
measure  nearly  two  inches  in  length,  and  are  dilated  at  their 
blind  extremities;  they  are  proportionally  developed  in  the 
larger  Strigida, 

In  the  Cantores  they  are  invariably  very  short  where  present. 
Among  the  Scansorial  genera  which  possess  the  coeca,  these  j)arts 
are  found  to  vary  in  length,  measuring  in  the  Cuckoo  and  Wattle- 
bird  ( Glaucopis),  each  half  an  inch ;  while  in  the  Scythrops,  or 
New  Holland  Toucan,  the  cceca  are  each  two  inches  long,  and 
moderately  wide. 

In  the  Rasore$  the  oceca  present  considerable  varieties.  In  the 
Pigeoujs,  fig.  85,  y,  they  are  as  short  as  in  tiie  Inscssorial  order, 
and  are  sometimes  wanting  altogether  as  in  the  Crown-Pigeon. 
In  the  Guan  {Penelope  cristatri)  each  coecum  is  about  three 
inches  in  length:  while  in  the  Girouse  each  ccecum  measures  a 
yard  long,  being  thus  upwards  of  three  times  the  length  of  the 
entire  body.  The  internal  surface  of  these  extraordinary  ap- 
pendages to  the  alimentary  canal  is  further  increased  in  the 
(jr  rouse  by  !>cing  disjK)sed  in  eight  longitudinal  folds,  which  extend 
from  their  blind  extremities  to  within  five  inches  of  their  termi- 
nation in  the  rectum.  We  have  always  found  the  coeca  in  this 
species  filled  with  a  homogeneous  pultaceous  matter  without  any 
trace  of  tlie  heather  buds,  the  remains  of  which  are  abundant  in 
the  fajcal  uiatlcr  contained  in  the  ordinary  tract  of  the  intes- 
tincH. 

In  the  Peacock  the  cocca  measure  each  about  one  foot  in 
length  ;  in  tlie  Partriilgc  about  four  inches  ;  in  the  Common  Fowl 
and  other  Phasinnidoi  the  Cfcca  arc  each  about  one-third  the 
IcMigth  of  the  bcnly  ;  they  commence  by  a  narrow  pedicle,  which 
extends  about  half  their  length,  and  then  they  begin  to  dilate  into 
reservoirs  for  the  chyme,  fig.  79,  g. 

ill  the  Cnrsores  tlie  eaea  again  present  very  different  degrees 
of  dcveIo[)emcnt.  In  the  Apteryx  the  ed  ca  are  each  five  inelies 
in  length.  In  the  Emeu  they  arc  narrow  and  short.  In  the 
Ca«*8owury  they  are  wholly  deficient;  while  in  the  Ostrieh  tliey 
are  wide,  upwards  of  two  feet  each  in  length,  and  their  secreting 
and  absorbing  )>arietea  arc  further  increased  by  being  produced 
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into  a  epinil  yalve,  analogous  to  tliat  wliicli  exists  in  the  long 
coecum  of  tlie  Hare  and  Rabbit. 

In  the  GraUaiores  the  two  cceca  are  generally  short  where 
present ;  ^ej  attain  their  greatest  developement  in  this  order  in 
the  Demoiselle,  where  the  length  of  each  ccecum  is  five  inches; 
and  thej  are  also  large  in  the  Flamingo,  where  thej  eaeh  mea- 
sure  nearly  four  inches,  and  are  dilated  at  their  extremities,  pr^ 
senting  with  the  gizzard,  crop,  lamellated  beak,  and  webbed  feet, 
the  nearest  approach  to  the  AnaHdiB  of  Ihe  following  order. 

In  the  Natatoreiy  the  ooeca,  where  they  are  present^  vary  in 
length  according  to  the  nature  of  the  food,  being  very  short  in 
the  fish-eating  Penguin,  PelicaD,  Gull,  &c,  and  long  in  the 
Duck,  Goose,  and  other  vegetable-feeding  LameUirasiref,  In 
the  Crested  Grebe  {Podicept  entiatiut),  each  ccccum  measures 
3-16thB  of  an  inch  in  length.  In  the  Canada  Goose  the  ooeca 
•  *  are  each  nine  inches  in  length,  and  in  the  Whitefronted  Goose 
the  same  parts  measure  severally  thirteen  hkIu'S.  They  have 
the  same  length  in  the  Black  Swan.  In  the  Wild  Swan  the  coBca 
measure  each  ten  inches  in  length,  while  in  the  tame  species  tiiey 
are  each  fifteen  inches  long. 

As  digestion  may  be  supposed  to  go  on  less  actively  in  the 
somnolent,  night-flying  Owls,  than  in  the  high-soaring  Diurnal 
Birds  of  Prey,  an  additional  complexity  of  the  arimentary  camd 
for  the  purpose  of  retaining  the  chyme  somewhat  longer  in  its 
passage,  might  be  expected ;  and  the  rnlarrrod  cccca  of  the  Koo- 
tumal  Raptorcs  afford  the  requisite  adjustment  in  this  case.  For, 
although  the  nature  of  the  food  is  the  same  in  the  Owl  *  as  in  the 
Hawk,  yet  the  differences  of  lial)it  of  life  call  for  ooiresponding 
differences  in  the  mechani^^ni  for  its  assimilation. 

In  the  liasorinl  Ordrr,  where  the  nature  of  the  food  differs  so 
widely  from  that  of  tlic  Birds  of  Prey,  the  principal  modification 
of  tlic  dip;estivc  apjinratus  obtains  in  the  more  coinjdex  stnietiirc 
ot  the  eroj),  proveiitnculus,  and  above  all  tho  !:ri/.zard  ;  hut  with 
reapeet  to  the  cceca,  a»  great  differences  obtain  in  tlieir  develope- 
ment as  in  the  N/tjitores.  Now  these  differences  are  explicable 
on  the  same  jtriiu  iple  as  lias  just  been  applied  towards  the  eluci- 
dation of  the  ditiereuccs  in  the  size  of  the  caeca  in  the  Iinptorfs. 
Where  the  difference  in  the  locomotive  powers  i^  so  great  in  tlie 
Dove-tribe  and  the  comuion  Fowl;  where  tiie  circulating  and 

'  The  indigestible  parts  of  tbc  prey  of  the  Owl  do  not  pass  iuto  the  intestine,  but 
an  regular! J  ea«(  or  f«giii|^tBted  from  the  atomaeh;  the  length  of  the  c«bg»  cannot, 
therefore,  be  acconiited  for  on  Macartney**  ntppoeition  of  ihdr  being  recaiven  of  thoee 
partfc 
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respiratory  systems  must  be  so  actively  exercised  to  enable  the 
Pigeon  to  take  its  daily  flights  and  in  some  species  their  annual 
migrations — a  less  complicated  intestinal  canal  may  naturally  be 
supposed  with  such  increased  energy  in  the  animal  and  vital 
functions  to  do  the  business  of  digestion,  than  in  the  more  sluggish 
and  terrestrial  vegetable  feeders ;  and  accordingly  we  find  that 
the  requisite  complexity  of  the  intestinal  canal  is  obtiuned  by  an 
increased  developement  of  the  coecal  processes  in  the  Gallino!, 
while  in  the  Columbidat  the  coeca  remain  as  little  developed  aa  in 
the  InsessoreSy  which  they  resemble  in  powers  of  flight.  If  we 
regard  the  coeca  as  excretive  organs,  their  differences  in  the  above 
orders  may  be  in  like  manner  explained  by  their  relations  to  the 
locomotive  and  respiratory  functions. 

In  tlie  Cursores  the  developement  of  coeca  seems  to  have  re- 
ference to  the  quantity  of  food,  and  the  ease  with  which  it  may 
be  obtained,  according  to  the  geographical  position  of  the  species. 
In  the  Cassowary,  which  is  a  native  of  fertile  and  tropical  islands, 
New  Guinea,  North  of  Australia,  New  Britain,  &c.,  vegetable 
food  of  a  more  easily  digestible  nature  may  be  selected,  and  it 
need  not  be  detained  long,  Avhere  a  fresh  supply  can  be  so  readily 
pntcured.  But  in  the  Ostrich,  which  dwells  amidst  arid  sands 
and  barren  deserts,  every  contrivance  lias  been  adopted  m  the 
structure  of  the  digestive  apparatus  to  extract  the  whole  of  the 
nutritious  matter  of  the  food  which  is  swallowed. 

In  the  Grallatores,  where  no  material  differences  of  locomotive 
powers  ur  means  of  obtaining  I'ood  exist,  the  cceca  present  in  their 
develoj)ement  a  direct  relation  to  the  nature  of  the  food,  and  are 
most  developed  in  the  Gruida,  The  same  holds  good  in  the 
Aatntores. 

Why  the  iiicrea^^cd  extent  of  intesdnal  surface  in  the  above 
diHerent  cases  should  be  chiefly  obtained  by  the  elongation  of  the 
cceca,  will  aj)j)ear  from  the  following  considerations.  In  conse- 
quence of  the  stones  and  other  foreign  bodies  which  birds  swallow, 
it  is  necessary  that  there  should  be  a  free  jmssage  for  these 
through  the  intestinal  canal,  which  is  therefore  generally  short 
and  ul'  pretty  uniform  diameter.  In  the  omnivorous  Birds  of  the 
tropics,  -d^  the  Hornbills,  Toucans,  Touraoos,  and  Parrots,  which 
among  ever-bearing  fruit-trees,  the  rapid  passage  of  the 
UuA  is  nut  inc(msi8tent  with  the  extnuition  <rf  a  due  supply  of 
nourishment,  but  is  conqKinsated  by  the  unfailing  abundance  of 
the  supply.  But  where  a  greater  tjuantity  of  the  chyle  is  to  be 
extracted  from  the  food,  and  where,  from  the  nature  of  the  latter, 
a  greater  proportion  of  foreign  substances  b  required  for  its 
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tritoration, — ^while  the  advantages  of  a  ahort  mtestmal  tract  m 
obtained}  the  chyme  ia  at  the  same  time  prevented  from  beiog 
prematurelj  expelled  by  the  anperaddition  of  the  two  ooBcal  bigi 
which  communicate  with  the  inteatinea  by  orifices  that  are  too 
small  to  admit  pebbles  or  undigested  seeds,  but  which  allow  the 
chyme  to  pass  in.  Here,  therefore»  it  is  detained,  and  chvlifiea* 
tion  assisted  by  the  secretion  of  the  coccal  parietes,  and  the  dne 
I)r()]H)rtion  of  nutriment  extracted. 

The  large  intestine  is  seldom  more  than  a  tenth  part  of  the 
length  of  the  body,  and,  except  in  the  Ostrich  and  Bustard,  is 

continued  straight  from  the  ooMS 
to  the  doaoa;  it  may  therefore 
be  termed  the  rectum  rather  thm 
the  colon.  It  ia  usually  wider 
than  the  small  intestine,  and  iti 
villi  are  coarser,  shorter,  and  leai 
numerous.  The  rectum,  fig.  M» 
a,  terminatea  by  a  valvular  cir^ 
cular  orifice,  ft,  in  a  more  or  len 
dilated  cavity,  which  is  the  re- 
mains of  the  allantois,  and  now 
forms  a  rudimental  urinary  blad- 
der, c,  d.  The  ureters,  A,  A,  sad 
efferent  parts  of  the  generatifs 
apparatus,/,  o|)en  into  a  trsas- 
verse  groove  at  the  lower  part  of  the  urinary  dilatation ;  and  be> 
yond  this  is  the  external  cavity  which  lodges,  as  in  Beptiles, 
Marsupials  and  Monotremes,  the  anal  glands  and  the  excitiqg 
organs  of  generation.  The  anal  follicles  in  Birds  are  lodged  ia 
a  conical  glandular  cavity.  A,  which  communioates  with  the  pos- 
terior part  of  the  outer  compartment  of  the  cloaca,  and  has  ob- 
tained from  its  diK»verer  the  nalne  of  Buna  FdbrieiL 

§  U9.  Liver  of  Birds, — On  the  hy{>otheris  of  chylification,  or 
on  that  of  the  formation  of  blood-discs,  or  on  that  of  the  pro- 
duction of  grape-sugar  in  relation  to  the  raising  of  animal  best, 
being  essential  functions  of  the  liver,  it  might  have  been  expectsdt 
since  digestion  is  so  much  more  active  and  the  blood  ao  moeh 
more  abundant  and  rich,  and  the  temperature  ao  much  higher  ia 
Birds  than  in  Reptiles,  that  the  Uver  would  be  proportionally 
larger ;  but  it  is  not  so*  *  Carefully  ascertained  upon  deScata 
balances,*  til (-  pi  <)|»<)rtionate  weight  of  the  liver  to  the  body  is  the 
same  in  a  Vulture  as  in  a  Tortoise,  in  an  Owl  aa  in  a  BulMrog« 
in  a  Curlew  as  in  a  Corn-snake,  in  a  Turkey  as  in  an  Alligator, 
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Sec*  *  My  own  obeervatioiiB  show  the  liver  to  be  relatively  largest 
in  the  less  active  aquatic  and  land  birds,  smallest  in  the  birds 
that  fly  best  and  breathe 
most :  compared  in  the  li- 
mits of  the  class  the  liver 
seems  to  be  developed  in- 
versely a.<  the  lunirs  and 
their  apiuMuluj^es,  and  so 
far  as  it  is  a.'-^sociatcd  witli 
the  lunci^  in  eliininit  itiijf 
waste  elements  from  the 
bloud,  to  have  less  to  do  in 
that  way,  ;us  the  breathing 
organs  perlurm  most. 

The  liver,  figs.  85,  87, 
m,in,\<>  situated  a  little  above 
the  middle  of  the  thoracic 
abdominal  cavity,  with  its 
convex  surface  towards  the 
abdominal  parietes,  and  its 
concavity  turned  towards 
the  subjacent  viscera:  the 
right  lobe  covers  the  begin- 
ning of  the  duodenal  loop, 
pancreas,  and  part  of  the 
small  intestines ;  the  left 
lobe  covers  the  proventri- 
ru\m  and  part  of  the  giz- 
zard; and  the  apex  of  the 
heart  is  received  between 
the  upper  ends  of  these 
prlMci[)al  lubes.  The  liver 
is,  as  it  were,  moulded  \i\mn 
all  thei^e  parts,  and  preseutii 
corrcs|X)nding  depressions 
where  it  comes  in  contact  with  them. 

It  is  generally  divided  into  two  nearly  equal  lobes  {^Raptoresy 


Poaterior  view  of  U»e  blUar}-  aud  pWicrestU  duel  io  Uw 
KotsMU  Yir. 


'  Number  of  timcf  the  weight  of  tbo  liver  in  that  of  the  bodjr: — 
'    CblAone*  tttmtus,  47 ;  CSMmls  wtUa,  47: 

Stfrnium  nebuhmm,  66;  Jloiui  CblnMMOt  55: 

TiinUilus  loculntor,  C>i;  Coluher  guUatus,  64: 
Meieagris  yallopavo^  70 1  AUigator  Imnu,  73: 
And  f«e  other  examples,  in  ccjkt.v.  p.  113. 
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Stork),  which  are  often  separated  for  a  short  extent,  and  con- 
nected tof^cther  by  a  narrow  isthmus  of  the  glandular  substance. 
In  some  Birds,  however,  as  in  the  Pigeon,  Cormorant,  Swan,  and 
Gh)08e,  there  is  a  third,  smaller  lobe,  situated  at  the  back  of  the 
liyer  between  the  lateral  lobes,  which  from  its  situation  appears 
analogous  to  the  '  lobulua  Spigeiii'  of  ^IrimTimlia.  In  the  Com- 
mon Fowl  the  left  lobe  is  occasionally  cleft  from  below  so  deeply 
as  to  form  two  lobes  on  that  side.  In  most  species  the  right  lobe 
exceeds  the  left  in  size  ;  this  is  remarkably  so  in  the  Bustard,  in 
which  the  right  lobe  extends  into  the  pelvi?/  In  the  Eagle,  how- 
ever, the  left  h>bc  is  sonietniies  the  largest.  Each  lobe  is  iiiveste<l 
bv  a  df)ublc  membranous  tunic,  one  enibracin*;  it  closely,  the 
other  surrounding  it  loosely,  like  the  ])ericardium  of  the  heart. 
They  are  iormed  by  laminic  of  the  j)eritoncum,  and  by  the  air- 
cells.  The  two  adherent  layers  are  continued  from  the  base  of 
the  liver,  one  over  the  anterior,  the  other  over  the  posterior  sur- 
face, closely  adherino:  to  the  ])ropcr  capsule:  the  loose  layers  are 
formed  by  the  hejiatie  air-cell,  surrounding  each  lateral  lobe,  the 
thin  border  of  which  is  usually  free. 

The  principal  ligament  of  the  liver  is  formed  by  a  larje  and 
strong  duplicature  of  the  peritoneum,  wliirh  divides  the  abdomen 
longitudinally  like  the  thoracic  nmliastmum  in  Mannnalia,  It  is 
reflected  from  the  linea  alba  and  middle  line  ol"  the  sternum  u]>un 
the  pericardium,  and  passes  deeply  into  the  interspace  of  the  lobes 
of  the  liver;  it  is  attache<l  to  these  lobes  throutrh  their  whole 
extent,  and  connects  them  below  to  the  gizzard  on  one  side,  and 
t<.>  the  duotlenal  fold  on  the  other:  the  lateral  and  ])os tenor  parts 
of  the  liver  are  attached  to  the  contiguous  air-cells ;  and  the 
whole  viscus  its  thus  kept  steady  in  its  situation  during  the  rapid 
and  violent  movements  of  the  bird.  The  ligament  fir^t  described 
is  analogous  to  the  falciform  ligament  of  Mammalia  ;  and,  al- 
though there  is  no  free  margin  enclosing  a  round  ligament,  yet 
the  remains  of  the  umbilical  vein  may  be  traced  witliin  the  dupli- 
cature of  the  membranes  foruuiig  the  septum.  As  the  muscular 
septum  between  tlie  thonut  and  abdomen  is  wanting,  there  is  con- 
sequentlj  no  coronary  ligament ;  but  the  numerous  memi)ram)us 
processes  which  pass  from  the  liver  to  the  surrounding  parts 
amply  compensate  for  its  abs^ce. 

The  liver  is  of  a  lighter  colour  in  Birds  of  flight  than  in  tlie 
heavier  Waterfowl,  where  it  is  of  a  deep  livid  brown.  Each 

•  The  French  Academicians  (xl-.  2«1c  prirtie,  9't  109)  saw  this  in  Kome  of  ihcir 
Btutards :  bui  ia  tlie  male  disieOed  bj  me  the  l)c}>ttt>c  lobes  were  equal,  and  both 
werolong. 
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lobe  has  its  hepatic  artery  and  vena  portie.  The  hepatic  arteries 
are  proportionallj  smaU,  but  the  portal  veins  are  of  great  size^ 
being  formed  not  only  hj  the  veins  of  the  intestinal  canal,  pan- 
creas^ and  spleen,  but  also  by  the  inferior  emnlgent  and  sacral 
veins.  The  blood,  which  has  drcuUted  in  the  liver,  is  returned 
to  the  inferior  cava  b j  two  venss  hepaticae.  There  are  occarionally 
some  smaller  hepatic  veins  in  addition  to  the  two  principal  ones. 
The  coats  of  the  portal  and  hepatic  veins  appear  to  be  equally 
attached  to  the  substance  of  tiie  liver.  A  duct  arises  by  two 
roots  from  each  lobe,  and  the  biliary  secretion  is  carried  out  of  the 
liver  by  these  two  and  sometimes  by  three  ducts ;  one  duct  always 
terminates  directiy  in  the  intestine,  and  is  an  'hepatic  duct/ 
fig.  87,  II,  ft ;  the  other  enters  the  gall-bladder,  and  is  an  '  cyst- 
hepatic  duct,'  ib.  ;  the  cystic  bile  is  conveyed  to  the  duodenum 
by  a  'cystic  duct,'  ib.  o.  Where,  as  in  a  few  instances,  the  gall- 
bladder does  not  exist,  both  hepatic  ducts  tenninate  separately  in 
the  duodenum,  fig.  65,  n,  n ;  but  in  no  case  is  there  a  single 
ductus  conununis  choledochus  as  in  Mammalia. 

The  gaU^bladderf  fig.  87,  Pf  is  situated  near  the  mesial  edge  of 
the  concave  or  under  side  of  the  right  lobe,  and  is  commonly 
lodged  in  a  shallow  depression  of  the  liver ;  but  sometimes,  as  in 
the  £agle,  Bustard,  and  Cormorant,  only  a  very  small  part  of  the 
bag  is  attached  to  the  liver.  It  has  no  visible  muscular  tunic : 
its  inner  sur&ce  is  delicately  reticulated. 

The  gall-bladder  is  present  in  all  the  Bapioreg,  InsenareSf  and 
Natatores*  It  is  wanting  in  a  great  proportion  the  Seantoret, 
as  in  the  genus  WumphaUot  and  in  almost  all  the  Psntiaeida  and 
CueuIid€B.  Among  the  Rantres  the  gall-bladder  is  constantiy 
deficient  in  the  Columlndm  or  Dove-tribe  alone,  in  which  the 
Gceca  are  shorter  than  in  any  other  vegetable  feeder.  The  gall-* 
bladder  is  occasionally  absent,  accordhig  to  the  French  A<»de- 
micians,'  in  the  Guinea-fowl ;  and  they  also  found  it  wanting  in 
two  out  of  six  Demoiselles  {Anthrapoide$  Virgo),  The  gall-bladder 
is  small  and  sometimes  absent  in  the  Bittern :  I  found  it  absent  in 
one  out  of  three  Kivis  {Apteryx) :  it  is  always  wanting  in  the 
Ostrich,  but  is  present  in  the  Emeu  and  Cassowary. 

The  bile,  as  before  observed,  passes  directly  into  the  gall- 
bladder, and  not  by  regurgitation  from  a  ductus  choledochus ; 
the  cyst4iepatic  duct  arises  from  the  right  lobe,  and  is  continued 
in  some  birds  abng  that  side  of  tiie  bag  which  is  in  contact  with 
the  liver,  where  it  penetrates  the  coats  of  the  cyst  and  termi- 
nates about  one-third  from  the  lower  or  posterior  end.   In  the 

»  XL-. 
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Ilombill '  I  fouud  it  passing  over  the  uj>per  end  of  the  blacWer  to 
the  anterior  or  free  surface,  and  the  cystic  duct  continued  iiuin 
(he  jKjint  where  the  cyst-hepatic  duct  opened  into  tlic  bladder;  so 
tliat  the  cystic  duct  had  a  communication  both  with  the  rc>cr\(iir 
and  the  cystr-hepatic  duct;  being  somewhat  analogous  to  the 
ductus  communis  choledochus ;  (fig.  87,  where  x  represents  the 
orifice  by  which  Ihc  bile  posses  both  in  and  out  of  the  gall- 
bladder). 

In  the  Goose  the  cyst-hepatio  duct  terminates  bj  a  Tcry  BmiU 
orifice,  surrounded  by  a  smooth  projection  of  the  inner  membrsaei 
which,  aided  by  the  obliquity  of  the  duct,  acts  as  a  valve  and  pre- 
vents anj  regurgitation  towards  the  liver.  The  cystic  doct  here 
passes  abruptly  from  the  posterior  extremity  of  the  gaU«bIadder, 
which  18  not  prolonged  into  a  nedi[.  The  duct  makes  a  turn 
round  the  end  of  the  bag,  and  is  so  closely  applied  to  it»  as  to 
require  a  careful  examination  to  determine  the  true  place  of  its 
commencement. 

The  hepatic  duct,  fig.  87,  n,  arises  by  two  branches  fitom  the 
large  lateral  lobes  of  the  liver,  which  unite  in  the  fissure  or 
'gates*  of  the  gland.  Two  hepatic  ducts  have  been  found  in  the 
Curassow ;  but  these  and  the  cystic  duct  terminate  separately  in 
the  duodenum.  Of  the  two  hepatic  ducts  in  Pigeons,  one,  the 
right  and  larger,  enters  the  beginning  of  the  duodenum,  the  other 
near  its  termination.  The  place  of  termination  of  the  cystic  and 
hepatic  duct  is  generally,  as  shown  in  fig.  87,  pretty  cl<^e  together 
at  the  end  of  the  fold  of  the  duodenum ;  but  in  the  Ostrich  one  of 
the  hepatic  ducts,  which  is  very  large  and  shorty  terminates  in  the 
commencement  of  tlie  duodenum  about  an  inch  from  the  pylorus} 
while  the  other  enters  with  the  pancreatic  duct  at  the  terminatioa 
of  the  duodenum.  Both  the  cystic  and  hepatic  ducts  undergo  a 
slight  thickening  in  their  coats  just  before  their  termination.  The 
passage  of  the  bile-ducts  in  Birds  through  the  coats  of  the  intes- 
tine is  oblique,  and  they  terminate  upon  a  valvular  prominence  of 
the  lining  membrane  of  the  gut. 

§  150.  Pancreas  of  Birds. — The  non-mastication  of  food  in  the 
mouth  is  associated  with  a  low  condition  of  the  salivary  glands ;  a 
large  i)ancreas  is  concomitant  with  gastrio  mastication,  in  Birds. 
This  organ,  figs.  85, 87,  7,  consibts  of  two  ( Ficus,  Certhia,  Upupa, 
CaprimulffuSy  GruSy  Colymbu8\  and  sometimes  of  three  (  Oriolus), 
distinct  portions;  but  these  are  so  closely  applied  together  at  some 
point  of  their  surl'ace  as  to  api)ear  like  one  continuous  gland,  fig. 
88.  It  is  of  a  narrow,  elongated,  trihedral  form,  lodged  in  the  inter- 
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space  of  the  duodenal  fold,  and  generally  bent  upon  itself  like  the 
duodenum,  as  in  the  Hombill,  fig.  87,  q. 
It  is  there  supported  by  the  gastro- 
hepatic  and  gastro-colic  omenta. 

The  structure  of  the  pancreas  is 
conglomerate,  like  that  of  the  sali- 
vary glands,  but  the  ultimate  folli- 
cles are  difierently  disposed.  In  the 
salivary  glands  these  are  irregularly 
branched,  while  those  of  the  pancreas 
in  Birds  diyeige  in  the  same  plane 
firom  digitated  and  pinnatifid  groups. 
The  substance  is  firmer  than  in  Rep- 
tiles, of  a  pinkish,  yellowish,  or  brown- 
ish colour. 

The  ducts,  figs.  8/$,87,B8,r,r,foRned 
by  the  reiterated  union  of  the  efferent 
branches  from  the  component  follicles 
of  the  pancreas,  are  in  general  two  in 
number,  which  terminate  separately  in 
dose  proximity  to  the  hepatic  and 

ojstic  ducts,  li ;  but  occasionally  there 

are  three  pancreatic  ducts,  as  in  the 

Fowl,  Pigeon,  Baven,  and  Hombill; 

in  which  case  the  third  duct  commonly 

tenninates  at  a  distance  finom  the  other 

two :  in  the  Hombill  it  proceeds  from 

an  enlarged  lobe  of  the  pancreas  at  the 

end  of  ^e  duodenal  fold,  and  enters 

that  part,  at     fig.  87.    As  a  rule, 

the  pancreatic  secretion  is  the  first 

poured  into  the  gut,  the  cystic  bile 

IB  the  last. 


Mid  daodeann  o<  tlM 
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CHAPTER  XVIIL 

ABSORBENT  SYSTEM  OF  BIBDS. 

§  151.  Till'  absorbents  of  Birds,  lis  of  Reptiles,  differ  from  those 
of  ISIainniais  in  having  fewer  valves,  which  are  also  \em  perfect, 
being  bo  loose  as  frequently  to  permit  for  a  certain  extent  a 
retrograde  passage  of  the  injected  fluid.  The  lacteals,  lymphatics, 
and  thoracic  ducts  have  very  tliin  parietcs,  so  as  easily  to  be 
J  uptured :  they  are  composed  of  two  tunics,  of  which  the  internal 
is  the  weakest. 

The  lymph  resembles  that  of  Mammals,  but  tiic  cii^  lc  differs 
esseiUially  in  itii  transj)areucy  and  want  of  colour.  The  lacteals 
have,  however,  been  observed  to  contain  an  opaque  white  fluid  in 
a  Woodpecker  that  had  been  killed  after  swallowing  a  quantity 
of  ants. 

With  respect  to  the  dispositton  tiie  ahBorbents,  they  do  not 
fonn  in  Birds  two  strata,  as  in  Mammals;  at  least  those  only 
have  been  observed  which  correspond  to  the  deep-seated  absorbents 
which  accompany  the  large  vessels. 

The  lymphatic  glands  or  ganglions  are  few  in  Birds ;  the  most 
constant  and  conspicuous  are  those  at  the  anterior  part  of  the  chest 
or  the  root  of  the  neck.  Small  ones  have  been  seen  in  the  axilla 
and  groin  of  searbirds  {Aptenodytes).  In  other  parts  of  the  body 
the  absorbent  glands  are  replaced  by  plexuses  of  lymphatic  vessels 
surroundiog  the  principal  bloodvessels. 

Hie  absorbents  of  Birds  terminate  principally  by  two  thoracic 
ducts,  one  on  either  side,  which  enter  the  right  and  left  jugular 
veins  by  several  orifices ;  the  plexuses  of  the  posterior  part  of  the 
body  communicate  with  the  contiguous  sacral  and  renal  veins* 

The  lymi^atacs  of  the  foot  unite  to  form  the  vessels  which  uxe 
found  running  along  the  sides  of  each  toe,  fig.  89,  i.  In  the 
FohnipedeM  there  are  anastomosing  branches  which  pass  from 
the  lateral  vessel  of  one  toe  to  that  of  the  adjoining  toe,  forming 
arches  in  the  uniting  web,  2.  These  branches  form  a  small  plexus, 
»,  at  &e  anterior  part  of  the  digitometatarsal  joint,  ficom  which 
three  or  four  lymphatics  are  continued.    The  anterior  and  in- 
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temal  brandieBy  4,  aooompany  the  bloodyesBek,  and  form  a  net* 
work  afound  them ;  the  'poBtcanor  and  external  branches,  5,  receive 
the  lymphatics  of  the  sole 
of  the  foot,  then  ascend 
along  the  metatarse,  and 
form  at  its  proximal  arti- 
culation a  dose  network,  6, 
from  which  the  yessels  cHmb 
the  tibia,  forming  a  plexus, 
7,  around  it  as  far  as  the 
middle  of  the  leg;  from  thb 
proceed  two  branches,  of 
which  the  smaller  passes 
along  the  anterior  part  of 
the  depression  between  the 
tibia  and  fibula asftr  as  the 
knee-joint,  where  it  joins 
the  other  branch  which  ac- 
companies the  bloodvessels. 
The  trunk  formed  by  the 
union  of  the  two  preceding 
branches  accompanies  the 
femoral  vessels,  forming 
plexuses  in  its  course,  s, 
which  receive  tributary  ab- 
sorbents from  the  surround- 
ing muscles,  and  a  large 
branch,  9,  corresponding  to 
the  deep-seated  femoral  ves- 
sels. 

The  iUac  trunk,  lo,  ac- 
companies the  great  femo- 
ral vein  into  the  abdomen, 
which  it  enters  anterior  to 
the  origin  of  the  pubis;  it 
there  receives  branches  from 
the  lateral  parts  of  the  pel- 
vis, 1 1,  and  afWrwards  sepa- 
rates into  two  divisions. 

iThe  posterior  division  re- 

•         *       ,         a     •     «  AbaortteaU  Of  •  GooM.' 

ceives  some  lymphatics  from 

the  anterior  lobes  of  the  kidneys,  and  those  of  the  ovary  or  testi- 

'  ttom  iMxth'B  Monograph,  AudaIv*  ties  Sciences  NaU  t.  iii.  pis.  23  and  25. 
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des ;  it  oommniiicateB  mterioily  mtli  a  bnaiehi  from  the  abeorbentt 
wliich  surroimd  the  great  mesenteric  wtery,  and  posteriorly  with 
large  vesicular  plexuses  or  receptacles,  is,  is,  surrounding  the 
aorta  and  its  branches,  and  which  rec^yes  the  lymphatics  firom 
the  renal  plexus,  and  those  accompanying  the  arteria  sacra 
media,  14. 

The  sacral  or  pelvic  plexiform  vesicles  of  the  lymph  are  two  in 
number,  situated  in  the  posterior  region  of  the  body,  in  the  angle 
between  the  tail  and  the  thigh.  Each  veude  is  little  more  than 
half  an  inch  long  and  a  quarter  of  an  inch  broad,  and  is  shaped 
somewhat  like  a  kidney-bean  in  the  Goose.'  They  have  muscobr 
coats  with  striated  fibre,  distinctly  recognisable  in  those  of  the 
Ostrich,  where  these  *  lymph-hearts'  are  attached  to  the  con- 
tiguous bone.  In  the  Cassowary,  Stock,  and  Groose,  tbey  lie  free. 
The  pulsations  correspond  with  the  motions  of  respiration. 

The  anterior  division  of  the  femoral  lymphatic  trunk,  is,  acoom- 
panies  the  aorta,  upon  which  it  foims  a  plexus  with  the  branch  of 
the  opposite  ride,  and  with  the  intestinal  absorbents,  is.  These 
vesseb  commence  from  a  plexiform  continuous  network  situated 
between  the  mucous  and  muscular  coats  of  the  intestine ;  they 
are  larger  here  than  when  they  quit  the  intestine  to  pass  upon 
the  mesentery.  They  accompany  the  branches  of  the  superior 
mesenteric  artery,  there  being  many  absorbents  for  one  arteiyt 
which  by  their  anastomoses  form  plexuses  surrounding  the  bkod- 
vessels.  Before  readiing  the  aorta,  the  laoteak  communicate 
with  the  inferior  or  posterior  division  of  the  femoral  trunk,  and 
with  the  absorbents  of  the  ovary  or  testicles,  after  which  they 
pass  upon  the  aorta,  is,  17,  where  they  recrive  the  lymphatics  of 
the  pancreas  and  duodenum,  and  terminate  by  uniting  around  the 
coeliac  axis,  is,  with  the  lymphatics  of  the  liver,  the  proventri- 
culus,  e,  the  gixxard,  and  the  spleen,  forming  a  conrideiable 
plexus,  from  which,  according  to  Lauth,*  it  is  by  no  meaiw  rare 
to  see  branches  passing  to  terminate  in  the  surroimding  veins. 

The  ainiic  ]]dexus,  is,  wliich  answers  to  the  *  reoeptaculum 
chyli '  of  Mammals,  gives  origin  to  two  thoracic  ducts,  so,  so,  of 
varying  calibre,  but  often,  as  in  the  Groose,  exceeding  a  line  in 
diameter.  They  are  rituated  at  their  origin  behind  the  <eeo- 
phagus,  a,  and  in  front  of  the  aorta,  b ;  they  advance  forward, 
diveiging  slightly  from  each  other,  pass  over  the  lungs,  10,  w,  from 
which  they  receive  some  lymphatics,  and  terminate  respectively, 
aftier  being  joined  by  the  lymphatics  of  the  wing,  in  the  jugular 

'  xur.  tab.  ix.  fi^  $.  «  zu%  SSI. 


Digitized  by  Coogle 


ABSOBBENT  SYSTEM  OF  BIRDS. 


183 


vein  of  the  same  side.  The  left  thoracic  duct,  before  entering 
the  vein,  receives  the  trunk  of  tlie  lymphatics  of  the  left  side  of 
the  neck ;  the  right  thoracic  duct  receives  only  a  branch  of  those 
of  the  same  side. 

The  lymphaticti  of  the  ^ving  follow  the  course  of  the  brachial 
artery,  forming  a  plexus  around  it,  especially  at  the  elbow-joint. 
Their  principal  truidc,  to  which  all  the  collateral  branches  are 
united  about  the  upper  third  of  the  humerus,  is  here  of  large  size, 
hut  its  diameter  soon  begins  to  be  diminished,  and  it  is  very  small 
at  the  head  of  the  humerus.  A\Tien  it  reaches  the  parietes  of  the 
chest,  it  receives  two  or  three  large  lymphatics  from  the  pectoral 
muscles,  and  a  branch  which  accompanies  the  brachial  plexus. 
Soon  after  a  small  lymphatic  gland  is  sometimes  formed  on  the 
trunk,  which  lastly  unites  with  the  thoracic  duct  of  its  own  side. 

The  lymphatics  of  the  head  accompany  the  branches  of  the 
jugular  vein,  and  are  readily  discerned  upon  those  which  are 
situated  between  the  rami  of  the  lower  jaw.  They  form,  by 
uniting  >vith  the  cervical  absorbents,  two  lateral  branches  on  each 
side,  which  accompany  the  corresjK)nding  jugular  vein,  being 
situated,  one  in  front,  ihe  other  behind  that  vessel.  These  lym- 
phatics communicate  together,  at  the  anterior  and  posterior  i)arts 
of  the  necki  by  tronsyerM  or  oblique  branches*  They  receive  in 
their  progress  absorbents  from  the  muscles,  and  from  the  peculiar 
glands  whieh  are  seen  beneath  the  skin  of  the  neck.  The  internal 
branch  on  the  left  side  receives  also  a  considerable  absorbent  from 
the  cesophagua.  At  the  lower  part  of  the  neek  both  branches 
receive  a  notable  branch  which  acoompames  the  carotid  arteries, 
and  a  little  further  on  they  form  on  ^ich  side  a  lymphatic  gland 
situated  on  the  jugular  vein.  On  the  right  side  jkfae  trunk  of  the 
cervical  lymphatics  terminates  in  the  jugular  vein,  after  having 
furnished  a  oommunicating  branch  with  the  thoracic  canal  of  that 
side ;  on  the  left  side  it  terminates  at  once  in  the  corresponding 
thoracic  duct. 
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CHAPTER  XIX. 

CIBCULATING  8T8TE1I  OF  BIBD8. 

• 

{  152.  Blood  of  Bird8.-^The  blood  k  hot  and  of  a  deep  red 
colour.  The  blood-discs  are  more  abundant  than  In  the  cold* 
blooded  Vertebrates,  save,  perhaps,  in  sosne  Opbidia:  they  are 
nucleated,  elliptic,  and  flattened  in  form;  averaging  in  size,  in 
long  diameter  -nVo^^*  short  diameter  xgVjth,  of  an  inch; 
with  the  following  observed  extremes :  —  Humming-bird,  long 
diameter  ^-gV«»  short  diameter  -^-oVo  >  Ostrich,  long  diameter  y^^—, 
short  diameter  -jijVo-  I^Iilne-Edwardt^  notes  decimally  the  fol- 
lowing r;nin;e  of  si/f?  in  different  species  of  the  chi«s  : — ^  Long 
diameter,  maximunu  I'oO;  minimum,  1"105:  short  diameter^ 
maximum,  1*1 10;  mmimurn,  1168.''  (Metiical  system.) 

The  blood-discs  are  largest  in  the  embryo,  losing  size  lus  tlie 
respiration  gains  in  activity  and  extent  in  the  progress  of  the  in- 
dividual to  maturity.  The  smaller  ^u.c  of  tin  l  ltiod-discs  of  liirds 
as  compared  with  those  of  cold-blooded  Ovipara  exemplifies  tlie 
same  inverse  ratio  of  their  size  to  the  amount  of  respiration.  The 
proportion  of  organic;  matters  contained  in  the  water  tjf  the  blood 
is  greater  than  in  the  Jiir.inatorryay  as  will  be  seen  by  compaiiug 
the  subjoined  Tables  with  those  in  vol.  L  pp.  463,  464  : — 


ATE8 

Water 

Ctoi 

AlbOBMI 

udSttltft 

Anax  BimchfU  (Duck)  .  • 

.        •  . 

765 

150 

S5  1 

^rtfatf  euMrm  (Heron) 

•        •  • 

808 

ISS 

59 

Coiumba  livu;  i  V\):cox\") 

>        •  • 

797 

156 

47  ■ 

GailuM  dometitcu*  (Fowl)  . 

... 

780 

157 

63  j 

Corvmg  Comx  (Raven) 

.        .  • 

797 

146 

96« 

MOIST  BLOOD-DISCS 

FLASHA 

Total 

Wfttar 

Solid 
lUftttpr 

ToUl 

Water 

Solid 

Ardta  n^fctkerax  (Night 

Heron) 
Symiuni  nebuiosum  ^  V-  irrcd 

Owl)  .... 
CathartM  atratua  (Black 

Valture)  . 

315-84 
427-36 

626  88 

236-88 
S20'5S 

470  16 

78-96 
106-84 

15G-72 

G84-16 
572-64 

373- 1 2 

639  01 
519  14 

329-01 

48  15 
44-1  !• 

■  CGXXXIX.  p.  88.  '  OtitXT.  p.  64.  *  lb.  p.  97. 
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Tlic  fibrinc  in  the  blood  of  Birds  i.s  soft  and  very  lacerable. 
The  serum  is  usually  of  a  light  yellow  colour,  but  is  golden  in 
the  Cathartes  atratus.  Dr.  Jones  notices  the  strong  musky 
odour  of  the  blood  of  this  Vulture,  like  that  of  the  living  bird.' 

§  153.  Heart  of  llirih. — This  organ  consists  of  two  ventricles 
and  ti\o  auricles;  the  septum  of  both  being  complete. 

The  form  of  tlie  heart  is  always  that  of  a  cone,  sometimes  wide 
and  short,  as  in  the  Ostrich  and  Crane ;  sometimes  more  elon- 
gated, as  in  the  Emeu,  fig.  90, 
and  Vulture;  or  still  more 
acute,  as  in  the  Curlew  and 
Common  Fowl. 

Its  situation  is  more  anterior 
and  mesial  than  in  Mannnalia, 
an<l  its  axis  is  always  jiaruUcl 
with  the  axis  of  the  trunk.  It 
is  not  contained  with  the  lungs 
in  an  es|)ecial  cavity,  but  its 
apex  is  lodged  between  the 
lobes  of  the  liver;  the  dia- 
])hragm,  as  a  rule,  not  being 
so  far  dcveloyjed  as  to  sepai'ate 
the  chot  tioni  the  alKlomcn. 

As  the  lungs  are  confined  to 
the  dorsal  i)art  of  tlie  chest,  the 
whole  of  the  anterior  surface  hou-i of  ttoe Kmeo. 

of  tlie  perirnnlinm  is  exposed 

win  n  the  >ternuni  of  the  bird  is  removed.  The  pericardium  is 
thin,  but  of  a  firm  texture,  and  adheres  by  its  external  surface  to 
the  surrounding  air-cells.  It  is  of  considerable  size,  and  commonly 
prolonged  for  some  way  between  the  lobes  of  the  liyer. 

The  nitrides  of  the  heart  in  Birds  have  not  externally,  such 
free  a|)]>endices  as  in  Mammals.  The  right  auricle  is  miidh 
larger  than  the  left ;  it  is  more  distinctly  divided  internally  into 
a  sinus,  ih.  r/,  and  auricle  proper,  b,  t,  x,  than  in  Mammals^  and 
these  parts  are  separated  by  a  more  complete  velvaltr  Btiiicture> 
but  less  definitely  developed  than  in  the  Crocodile. 

Three  veins  terminate  in  the  sinus,  there  being  in  Birds  always 
tw(»  |)recavals,  as  in  Reptiles.  The  right  precaval,  ib.  a,  which 
rctiirns  the  bloml  from  the  right  wing  and  right  side  of  the  neck, 
terminates  in  the  upper  and  anterior  part  of  the  sinus ;  the  left 

■  OOKLV*.  p.  16. 
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precaval^  ib*  b,  winds  round  the  posterior  part  of  the  left  auricle  to 
open  into  tbe  lower  part  of  the  rinus;  just  before  its  terminatioa 
it  receives  the  coronary  vein,  so  that  this  does  not  open  separately 
into  the  auricle  as  in  most  Mammals,  The  poatcaTal  Tcin^  ibw  ff, 
terminates  in  the  anus  just  above  ihe  orifice  of  the  left  precaval, 
and  a  semilunar  valvular  fold»  ib.  A,  analogous  to  that  of  the 
coronary  vein  in  man,  is  extended  forward  between  these  orifices 
so  as  to  separate  them,  and  alfi>rd  a  protection  to  the  month  of 
ihe  left  precaval^  in  addition  to  that  which  it  derives  in  oomroon 
irith  the  other  veins  from  the  larger  valves  at  the  mouth  of  the 
sinus. 

The  disposition  of  the  valves  between  the  sinus  and  auricle 
seems  more  espedally  destined  to  prevent  regurgitation  into  the 
sinus,  when  the  pulmonary  circulation  may  be  impeded.  A 
strong  oblique  semilunar  muscular  fold,  ib.  ff,  commences  in  the 
Emeu  by  a  band  of  muscular  fibres  running  along  the  upper  pait 
of  die  auricle,  and  expanding  into  a  valvular  form  extends  ahmg 
the  posterior  and  left  side  of  the  sinus,  terminating  at  the  lower 
part  of  the  fossa  ovalis,  ib.  t.  A  seoond  semilunar  muscular 
valve,  ib.y*|  of  equal  size,  extends  parallel  with  the  preceding 
along  the  anterior  border  of  the  orifice  of  the  rinus,  its  lower 
extremity  being  fixed  to  the  smooth  floor  of  the  auricle,  its  upper 
extremity  being  continued  into  a  strong  muscular  oolunm  runniiig 
parallel  to  the  one  first  mentioned  across  the  upper  and  anterior 
part  of  the  auricle,  and  giving  off  from  its  sides  the  greater  part  of 
the  muiculi  pecHnaiu  From  this  structure  it  results  that  the  more 
powerfully  the  muscuH  pectinati  act  in  overcoming  the  obstaele 
to  the  passage  of  the  blood  from  the  auricle  to  the  ventricle,  the 
closer  will  the  valves  be  drawn  together,  and  the  stronger  will  be 
the  resistance  made  to  them  by  the  reguigitation  of  the  blood 
from  the  auricle  into  tlic  sinus.  The  valves/* and  g  are  hooMH 
logons  with  the  pair  dividing  the  auricle,  o,  from  the  sinus, in  the 
Crocodile's  heart  (vol.  L  fig.  339).  The  parietes  of  the  anride 
in  the  interspaces  of  the  muscular  fasciculi  are  thin  and  trans- 
parent, consisting  in  many  parts  only  of  the  lining  membrane  of 
the  cavity  and  the  reflected  layer  of  the  pericardiom  blended 
together.  The/oMa  ooa/t#,  fig.  90,  t,  is  a  deep  depression  situated 
behind  the  posterior  semilunar  valve,  whidb,  we  may  observe,  beara 
nearly  the  same  relation  to  the  fossa  as  the  annulus  ovalis  in  the 
human  heart.  The  membranous  septum  closi]:^  the  foramen 
ovale  is  complete  and  strong,  but  thin  and  senutfunspar^t.  The 
appendix  aurwula,  ib.  x,  is  tbe  most  muscular  part  of  the  cavity ; 
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it  does  not  project  freely  in  front  of  the  great  yessels  arising  from 
the  ventricles,  but  is  tightly  tied  down  to  them  by  the  reflected 
layer  of  the  pericardium.  The  auriculo-ventricular  orifice  is  an 
oblique  slit,  fig.  92,  A ;  a  bristle  is  passed  through  it  in  fig.  90. 
The  manner  in  which  regurgitation  by  this  orifice  is  prevented  is 
one  of  the  chief  peculiarities  in  the  heart  of  Birds.  The  right 
yentriclc,  fig.  91,  A,  is  a  narrow  triangular  cavity,  applied  as  it 
were  to  the  right  and  anterior 
aide  of  the  left  ventricle,  but  not 
extending  to  the  apex  of  the 
heart.  The  parietes  are  of  pretty 
uniform  thickness,  except  at  the 
septum  ventriculorum,  and  are 
weaker  in  comparison  to  those  of 
the  left  ventricle  than  in  Mam- 
mals. Short  fleshy  columns  ex- 
tend from  the  septum  to  the 
free  wall  of  the  ventricle  at  the 
angle  of  union  cf  these  two  parts, 
leaving  deep  cells  between  diem ; 
a  strong  oolnmn,  fig.  92,  m,  also 
extends  from  the  right  side  of 
the  base  of  the  pulmonary  artery 
to  the  upper  extremity  of  the 
auriculo-ventricular  valve;  but 
tiiese  are  the  otily  'oolumue 
earner '  in  the  ri^t  ventricle; 
there  being  none  of  a  pyramidal  form  |)r>>jccting  into  the  cavity, 
nor  any  *  chordso  tendinev.'  The  principal  valve  which  guards 
the  auricular  aperture  is  a  strong  muscular  fold,  figs.  90,  91, 
92,  /,  nearly  as  thick  as  the  wall  of  the  ventricle  itself,  extend- 
ing from  the  fleshy  column  above  mentioned  obliquely  down- 
ward and  backwaid  to  the  angle  formed  between  the  septum 
and  the  free  wall  of  the  ventricle  at  the  lower  and  posterior 
part  of  the  cavity.  The  convex  edge  of  this  muscular  valve 
is  turned  toward  the  convex  projection  made  by  the  septum, 
and  must  be  forcibly  applied  to  this  part  during  the  systole  of 
the  ventricles;  so  that,  while  all  reflux  into  the  auricle  is  pre- 
vented, additional  impulse  is  given  to  the  flow  of  blood  through 
the  pulmonary  artery;  the  muscular  parietes  of  the  ventricle 
being  thus  complete  at  every  part  except  at  the  orifice  of  the 
artery.   This  valve  is  strongest  in  the  IKving  Birds,  weakest  in 
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the  StraddonB,  and  especially  in  the  Apterjz,  in  which  it  is  par- 
tially memfairanous  and  has  its  margin  tied  by  a  few  tmdons  to  a 
fleshy  process  from  the  fixed  yentricular  waU. 

The  small  muscular  colunm,  fig.  92,  m,  at  the  upper  part  of 
the  auricular  orifice  is  analogous  in  its  position  to  the  single  valve 
which  guards  the  corresponding  orifice  in  Beptiles;  Sbe  Cro- 
codiles alone  present  a  second  muscular  valve  (voL  L  p.  510,  fig. 
339,  r)  homologous  with  the  larger  valve  in  Birds. 

The  right  ventricle  is  remarlntble  for  the  smoothness  and  even- 
ness of  its  inner  surfiiMse.  The 
pulmonary  artery  is  provided  at 
its  origin  with  three  semilunar 
valves,  fig.  92,  n.  It  divides,  as 
usual,  into  two  branches,  fig.  168, 
one  for  each  lun^^;  the  right 
branch  passes  under  the  arch  of 
the  aorta. 

The  aerated  blood  is  returned 
from  the  lungs  by  two  veins 
w  hich  open  into  the  back  part  of 
the  left  auricle;  a  strong  semi- 
lunar ridge,  which  is  hardl}^  suf- 
fiaently  produced  to  be  called  a  valve,  divides  the  cavity  of  the 
auricle  in  which  the  veins  terminate  from  the  muscular  part  or 
appendix.  The  fleshy  columns  are  very  numerous  and  com]>li- 
cated  in  this  ])art  of  the  auricle,  ^v}lich  is  closely  tied  down  to  the 
ventricle  by  the  serous  layer  oi'  the  pericardium  and  dense  cellular 
tissue. 

The  left  ventricle,  figs.  91,  92,  o,  is  an  elouirated  conical  ca\'ity, 
the  parietes  of  which  arc  three  times  as  thick  as  those  of  the 
right  ventricle,  and  exhibit  strong  fleshy  columns  extending  from 
the  apex  towards  the  base  ;  two  of  the  largest  of  these  columns 
present  in  the  Kmeu  a  short  convex  eminence  towards  the  auri- 
culo-vcntricular  orifice,  fig.  92,  r,  and  give  ofi  sliort  thick  tendons 
to  the  margin  and  ventricidar  surface  of  two  membranous  folds, 
figs.  91,  92,  /),  f/,  which  correspond  to  the  '  mitral  valve'  in  Mam- 
mals. Of  these  valves,  the  one  next  tlie  aorta,  q,  corresponds  to 
the  single  valve  which  guards  the  auricular  opening  in  the  heart  of 
Reptiles,  and  is  most  developed  in  Birds  ;  the  opposite  vaK  e  is  of 
much  less  size.  In  many  Birds  the  ch()r(hr  tcndineaj  pass  from  the 
valves  at  once  to  the  parietes  of  the  ventricle,  and  are  not  at- 
tached to  columna?  carncjc.  The  surface  of  the  ventricle  formed 
by  the  septum  is  smooth  from  the  orifice  of  the  aorta  down  to  the 
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apex  of  the  heart  The  aorta  is  ptoyided  mth  three  aemilunar 
Talyes,  Dot  with  two  only  as  in  BeptileB.  The  extremitiea  of  these 
▼alves  are  connected  to  small,  firm^  and  sometimes  ossified  styles 
imbedded  in  the  fibrous  coat  of  the  vessele.' 

The  arrangement  of  the  muscnhur  fibres  of  the  ventricle  in 
Biids  is  such  that  the  right  yentride  appears  to  be  formed  by  a 
partial  secession  of  the  outer  firom  the  inner  layers  of  the  parietes 
of  the  left  ventride  at  the  anterior  and  right  side  of  that  cavity. 
See  the  transverse  section,  fig.  92, 

{  154.  Arieries  of  Birds, — The  arterial  system  of  Birds 
mainly  differs  from  tiiat  of  Mammals  in  the  following  points: — 
The  division  of  the  aorta  into  three  principal  branches,  ahnost 
immediately  at  its  origin:  the  course  of  the  arch  of  the  aorta 
over  the  right  instead  of  the  left  bronchus  to  become  the  descend- 
ing aorta:  the  basilar  artery  being  formed  by  the  entocarotids, 
not  by  the  vertebral :  the  great  length  of  the  common  carotid, 
which  is  a  single  median  trunk  in  some  birds:  and  the  origin 
of  the  arteries  of  the  posterior  extremities,  which  do  not  come  off 
from  a  single  branch,  or  *  external  iliac,'  but  from  two  arteries 
which  are  detached  successively  from  the  aorta  at  a  great  distance 
from  each  other,  and  pass  from  the  pelvis  by  two  separate  apei^ 
tures.  In  these  differences  the  closer  affinity  of  Birds  to  Beptiles 
is  shown. 

The  aortic  trunk,  fig.  93,  i,  is  so  short  that  it  b  only  brought 
into  view  after  the  reflections  of  the  pericardium  and  the  adjoining 
vessels  are  detached  by  dissection.  The  first  branch  is  to  the  left 
side  and,  after  it  is  sent  off,  the  trunk  affects  to  turn  over  the 
auricle  before  it  gives  the  branch  of  the  right  side;  these  two 
branches  pass  in  a  curved  manner  from  the  heart  towards  the 
axilla,  and  may  be  r^^arded  as  two  arierim  innominata^  fig.  90,  f ,  t 
After  these  branches  are  parted  with,  the  arterial  trunk,  ib.  fig. 
93,  s,  is  continued  over  tlie  right  bronchus,  and,  on  reaching  the 
back  part  of  the  heart,  becomes  the  'descending  aorta.' 

The  arieria  innominataj  fig.  93,  s,  first  sends  off  the  common 
trunk  of  the  carotid  and  vertebral  arteries,  ib.  4,  which  before  its 
division  gives  off  one  or  two  small  branches ;  one  of  these  runs 
down  upon  the  lungs  in  company  with  the  par  vagum,  and  ap- 
pears to  supply  branches  to  the  aponeurosis  of  the  lungs,  and  the 
air-cdls  at  tiie  upper  part  of  the  thorax ;  the  other  branch,  after 
supplying  the  lympluitic  gland  of  the  neck  with  several  smsU 
arteries,  ascends  upon  the  side  of  the  oesophagus,  to  which,  and 
the  inferior  larynx^  the  divisions  of  the  trachea^  and  to  the  parts 

*  Iloaie  Clifl»  In  Til*. !».  831. 
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and  integuments  of  tlie  side  of  the  neck,  its  branches  are  dis- 
tributed, anastomosing  with  the  superior  cesophageal  and  tracheal 
arteries.  Sometimes,  in  the  Duck,  the  supra^scapular  artery, 
which  is  usually  divided  from  the  vertebral,  is  a  branch  of  the 
common  truDk,  as  it  is  also  in  the  Apteryz,  where  it  supplies  the 
muscles  at  the  back  of  the  base  of  the  neck. 
Birds,  as  a  rule,  are  peculiar  in  sleeping  with  their  long  neck 

much  bent  or  twisted,  and 
this  position  might  be  ei- 
pected  to  exercise  some 
effect  on  the  Tcssels  sub- 
ject thereto.  Acooidinglj 
we  find  that  the  cmvtid 
arteries,  ib.  4,  fig.  90,  a, «, 
are  frequently  of  unequal 
size ;  in  the  Dabchiok  the 
left  is  the  largest,  fig.  93,  t ; 
in  an  Emeu  I  found  it  the 
smallest.  One  or  other 
carotid  may  be  obliterated, 
according,  perhaps,  as  the 
bird  habitually  sleeps  with 
the  head  under  the  right  or 
left  In  the  Apteryx 

I  found  that  the  lefit  caio- 
tid  alone  passed  to  the  usual 
place  in  the  neck,  and  di- 
vided at  the  third  cer%'ical 
vertebra  to  supply  the  head 
in  the  usual  wav.  In  the 
Flamingo  the  right  carotid 
was  single  and  bifttrcate<l 
at  the  upper  part  of  the 
neck.  In  the  Common 
Fowl,  each  carotid,  after 
parting  from  the  rertebral  artery,  ib.  e,  proceeds  to  the  middle 
of  the  neck  and  soon  disappears ;  beoonung  covered  by  the  musdes 
of  the  anterior  part  of  the  neck,  and  entering  the  canal  formed 
by  the  hypapophyses,  fig.  25,  A,  within  which  it  Ues  hidden,  and 
in  close  contact  with  its  fellow  of  the  other  side,  to  very  near  the 
head.  In  the  Bittern  the  two  carotids  are  situated  one  beUnd 
the  other,  and  adhere  so  intimately  together  in  this  situation  that 
they  seem  like  a  single  trunk. 


Artertes  of  Uie  tnwk,  Grcbc.  xLrr. 
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In  the  following  detaiU  of  the  vascular  system,  I  adopt,  with 
Httlo  motiiHcation,  tlic  words  of  Macartney,  by  wlioni  it  Avas 
first  and  best  described  in  his  Article  '  BiBDS^'  in  '  lUes's  Cyclo- 
paedia.' The  carotid  artery  omevcrc^  from  between  the  muscles 
of  the  neck,  at  about  the  third  or  fourth  vertebra  from  the  head 
(9);  and  after  giving  oif  the  arterice  cutanea  eaUi  hitt  rales,  fipr. 
93,  10,  11,  to  the  lateral  muscles  and  integmnents  of  the  neck,  it 
runs  along  the  outer  edge  of  the  rectus  mi^CNr  anticus  to  behind 
the  angle  of  the  jaw,  where  it  divides  into  its  several  branches. 

An  artery  (nrtcria  occipitalis)  first  goes  off  posteriorly,  which 
passes  a  little  forward  under  the  thyrohyal,  and  after  sending 
some  blood  to  the  muscles  of  the  neck,  makes  a  turn  backward, 
enters  the  foramen  in  the  transverse  process  of  the  second  ver- 
tebra, and  terminates  by  anastomosing  with  the  vertebral  artery.' 

The  next  branch  is  tlie  entocarotid ;  it  passes  behind  the 
muscl<^  of  the  jnw  close  to  the  basioccipital,  sends  a  branch 
upward,  which  penetrates  thetTmpanum;  and  anotlier  through 
the  articulation  of  the  jaw,  to  unite  with  the  ophthalmic,  and  con- 
tribute to  the  plexus  at  the  back  of  the  orbit  {rete  ophthalmicum 
of  Rarkow).  The  entocarotid  then  enters  an  osseous  canal,  which 
runs  aloiifx  the  side  of  the  basisphcnoid  between  tlie  tables  of  the 
bone;  uiul  at  the  lf»wer  and  back  part  of  the  orbit,  the  artery 
reeeives  a  reuiarkabic  auastomosinn^  l)ranch  of  the  internal  maxil- 
lary, which  almost  equals  in  size  tho  earotid  itself,  and  these  two 
vessels  produce  by  their  union  one  wliieh  passes  almost  directly 
to  the  cranium,  entering  at  the  deep  '  sella  turcica.'  It  fornij? 
within  tiu'  skull  an  anastomosis  similar  to  the  circle  of  Willis  ;  hut 
the  branch  which  oceupies  the  place  of  the  liasilar  artvnj  is  very 
pmall,  and  appears  to  he  I'umished  entirely  Irom  the  anastomosis 
of  the  carotids,  and  designed  only  to  suj)j)ly  the  medulla  ohltm- 
gata.  The  branches  of  the  entocarotid  are  s]>reail  in  an  arho- 
reneent  form  upon  the  surfaces  of  the  brain  ;  some  on  the  outside 
and  others  on  the  ventricles  and  the  fissure  between  the  two 
hemispheres:  the  tui'tcd  termination  of  the  vessels  <»f  the  choroid 
plexus  is  shown  in  fit^.  46.  The  orbital  jjlexus  fonned  by  tlio 
carotid  sends  off  tlie  iiift  rinr  prrfprhrtil^  ethmoidal,  Inrri/nidl^  and 
ophthalmic  arteries.  'J'he  ojihthalmic  artery  forms  two  remnrkable 
plexuses  at  the  ]M>«sterior  part  of  the  globe  of  the  eye;  the  hrst, 
lig.  59,  £,  is  pituated  close  Ix'side  the  inner  side  of  the  optic  nerve, 
i»  formed  by  an  artery  answering  to  the  arteria  centralis  retin<Bf 

*  Barkow,  xuv.,  hat  «Mib1bhed  the  aeeoraty  of  thil  obtervatloii  of  Mftcartney't 
(zuu-.).  having  faotid  thit  iingtilar  MuuMMHOtii  of  the  oodpitd  with  the  vertebvel 
erteiy  ie  «U  the  fairde  which  he  injected. 
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and  supplies  the  marsupial  membrane;  the  second  plexus,  ib.  4, 
18  situated  more  exteriorly,  and  gives  off  the  ciliary  arteries. 

After  the  carotid  has  sent  off  the  entocarotid,  it  passes  for  a 
little  way  downward  and  forward  behind  the  angle  of  the  jaw,  and 
divides  at  once  into  different  branches,  corresponding  to  those  of 
the  ectocarotid  in  Mammals ;  the  first  of  which  might  he  called  the 
cesophageal  or  laryngeal  artery.  This  vessel  sends  a  branch  to 
the  muscles  upon  the  thyrohyul,  ami  then  tnrns  downward  and 
divides  into  two  Ijrauches,  one  to  the  traehea,  fig.  93,  G  i ,  and  the 
other  to  the  a^sophagns,  upon  the  side  of  which  parts  they  descend 
to  near  the  tliorax,  funning  a  series  of  arches,  ib.  ii,  ii,  and  ulti- 
mately iTlf^^'Pulate  with  tlie  tracheal  and  oesophageal  branch^  of 
the  common  trunk  of  the  carotid  and  vertebral  arteries. 

The  external  mrraillari/  orter//,  il).  12,  dips  in  between  the 
pterygoid  and  digastric  nuiscleis ;  it  then  pu'^srv  lM  ]iiud  t lie  tym- 
panic, and  gives  twigs  upward  to  the  mnscli  >  of  tlie  jaAvs,  and 
to  the  ]»lexui5  at  ilie  back  of  the  orbit :  upon  emerging  from 
behind  the  tympanic,  it  lies  under  the  zygouiatic  arch,  and  scinis 
an  artery  upward,  which  is  distributed  to  the  temjKu  al  and  mas- 
Bctcr  muscles,  and  proceeding  under  the  triangular  tendon  that 
comes  from  the  inferior  margin  of  the  orbit  to  the  lo^^c^  jaw,  it 
divides  into  two  principal  bt  um  hes  ;  one  of  these  pa^&es  along  the 
Bide  of  the  upper  jaw,  gives  a  branch  upward  to  the  fore  jiart  of 
the  orbit  nhich  unites  with  the  ophthahint-  artery,  and  is  lost  at 
the  top  ol'  the  head.  This  branch  is  very  large  in  birds  with 
combs,  as,  in  conjunction  with  the  ophthalmic,  it  furnislica  nu- 
merous vessels  to  these  vascular  parts.  The  artery  then  goes  on 
and  supphes  branches  to  the  sides  of  the  head  before  the  orbits, 
and  to  the  integuments  and  substance  of  the  upper  mandible, 
inoBculating  with  the  palatine  branches  of  the  internal  nuudllary 
artery.  The  second  portion  of  the  external  maxillary  pioceeda  to 
Ihe  lower  jaw,  to  which,  and  the  lower  part  of  the  masseter  muscle^ 
it  is  distributed.  The  external  maxillary  supplies  the  {dace  of  the 
temporal^  labial,  angular^  nasal,  and  mental  arteries  of  mammals. 

The.  laryngeal  or  posterior  palatine  artery  is  a  little  branch  of 
the  ectocarotid,  which  is  sent  off  posteriorly  opposite  to  the  ex- 
ternal maxillary  artery.  Its  branches  are  exhausted  upon  the 
back  part  of  the  hxieea,  the  muscles  for  moving  the  upper  jaw, 
and  posterior  nares. 

The  Ungual  or  submaxillary  artery,  ib.  Z8,  passes  under  the 
muscles  which  connect  the  hyoid  to  the  lower  jaw,  and  close  upon 
the  back  of  the  membrane  of  the  lower  part  of  the  mouth,  it  sends 
a  branch  to  the  oesophagus  and  trachea,  supplies  the  muscles 
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of  the  hyoid,  ib.  F,  the  tongue,  e,  the  lower  surface  of  the  mouth, 
and  furnisheB  the  artery  which  enters  the  substance  of  the  lower 
jaw. 

*  Just  at  the  origin  of  the  submaxillary  artery  there  is  anotiier 
little  branch  of  the  carotid,  which  is  lost  upon  the  muscles  of  the 
hyoid  arch. 

*  The  internal  maxillary  artery  is,  as  usual,  the  continuation 
of  the  trunk  of  the  ectocarotid;  it  runs  forward  between  the 
pterygoid  muscle  and  the  lining  of  the  mouth,  upon  the  side  of 
the  long  muscle  for  iiiovin*^  tl»c  upper  jaw,  and  divides  into  two 
principal  branches;  one  of  them  proceeds  under  the  tendon  of 
the  long  muscle  to  get  upon  the  palate,  where  it  forms  two 
branches,  of  which  one  runs  along  the  external  side  of  the  palate, 
between  the  membrane  and  the  bone  of  the  mandible  to  the 
extremity  oftlie  bill,  where  it  becomes  united  to  the  same  branch 
©f  the  op|)osite  side,  as  also  to  the  middle  artery  of  the  palate. 
The  other  hrancli  lies  also  superficially  under  the  membrane 
which  lines  the  mouth.  It  passes  onward  to  meet  its  correspond- 
ing vessel  <s('  the  opposite  side,  with  which  it  becomes  actually 
ine(>qK)rate<l,  and  by  tlieir  union  a  single  artery  is  generated, 
wliich  runs  along  the  middle  line  of  the  palate  to  the  end  of  the 
mandible,  where  it  unites  with  the  lateral  branches,  as  already 
mentioned.  At  the  junction  of  the  vessel  of  each  side  to  form 
tlie  middle  palatine  artery,  two  branches  go  off,  which  are  lost  uj>on 
the  lining  of  the  mouth,  and  the  interior  of  the  organ  of  smell. 

'  The  other  branch  of  the  internal  maxillary  artery  is  reflected 
upward  toward  the  orbit,  below  which  it  diWdes  and  unites  again, 
fonning  a  triangle,  through  which  the  vein  passes :  at  this  place 
it  prmluccri  a  remarkable  plexus  of  vessels,  like  the  rcte  mirabile 
of  the  carotid  artery  of  quadrupeds,  which  is  increased  by  branches 
from  the  ophthalmic  and  the  palatine  arteries,  and  from  which  the 
back  part  of  llie  organ  of  smell  receives  its  supply  of  blood. 

*  The  internal  maxillary  artery  then  runs  directly  backward 
below  the  orbit,  passes  between  the  radiated  or  fan-shaped  muscle 
which  moves  the  upper  jaw  and  the  pter}  goid ;  and  turning 
inward  round  the  basis  of  the  cranium,  becomes  incorporated  with 
the  internal  carotid  artery  just  as  it  enters  the  bony  eaiuU  which 
conducts  it  to  the  brain.' 

*  The  vertebral  artery,  lig.  03,  6,  soon  alter  it  parts  from  tlie 

*  Bftilcow  deierilMt  tho  ioltnifll  maxillny  ulety  ■■  wanUnif  in  birdi,  and  ttt  plnco 
teinf  tnpplicd  by  branches  of  both  the  external  sad  iaiernal  caratida  and  the  fncial 
artery,  nl)  of  w7iirh  iiitiiR  timrs  tintio  to  form  llic  muCtUaiy  plMtli  of  Tcncli,  wiUch  11 

rery  cui)Hi>iruoiu  in  the  UooM  and  Duck.  xut". 
\oi-.  II.  O 
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carotid,  sends  off  a  branch  backward,  which  passes  over  the  neck 

of  the  scapula  and  is  lost  among  the  muscles  on  the  posterior  part 
of  the  shoulder,  inosculating  with  the  articular  and  other  arteries 
about  the  joint :  this  branch  might  be  called  the  supra-scapular, 
ib.  5.  In  the  Duck  wc  have  observed  it,  before  it  makes  the  turn 
over  the  scapula,  to  send  an  artery  upward  aloTii^  the  muscles  of 
the  neck.  'Plie  trunk  of  the  vertebral  artery  proceeds  obliquely 
upward,  and  iiaviiii^  entered  the  fonmien  in  the  transverse  pro- 
cess of  the  penultimate  cervical  vertebra,  gives  off  a  large  lirauch 
downward,  which  is  ilistriluited  between  the  vertebra;,  and  to  the 
spinal  eanal,  in  the  munuer  of  the  intercostal  arteries,  with  whieli 
it  anastomoses  upon  arriving  in  the  thorax.  The  remainder  of 
the  vertebral  artery  is  continued  np%vard  in  the  canal  formed  by 
the  pleur-  and  di-a]»ophy8Cs  of  the  cervical  vertel)ra\  diminishing 
gradually  in  consequence  oi  ilu  branches  it  send;^  (»fl  l)Ctween  each 
vertebra  to  the  niyelon  and  the  muscles  of  the  neck.  Near  the 
head  the  artery  is  found  considerably  reduced,  and  within  the 
n])perniost  foramen  in  the  transverse  processes  terminate.-?  entirely 
by  inosculation  with  the  reflected  occipital  branch  of  the  carotid, 
as  before  noticed. 

*  After  the  common  trunk  of  the  carotid  and  vertebral  is  detached 
from  the  arteria  innominata,  this  vessel  mav  ai^sume  the  name  of 
the  subclaviftn,  fi^r-  93,  u.  While  passing  under  the  coracoid  it 
sends  ofl"  some  luipurtant  branches :  the  first  might  be  called  tlie 
pectoral  a rteri/ \  it  proceeds  upward  upon  the  internal  surface  of 
the  pectoralLs  nunor  muscle,  which  it  supplies,  and  then  dividing 
into  two  branches,  one  passes  over  the  anterior  edge  of  the 
coracoid,  and  under  the  pcctoralis  medius,  between  which  and  the 
sternum  it  runs,  detaching  its  branches  to  the  muscle ;  the  other 
sends  first  along  the  under  side  of  the  coracoid  a  branch  which  is 
again  subdivided  and  distributed  to  the  outside  of  the  shoulder- 
joint  and  to  the  deltoid  muscle,  in  which  it  inosculates  witli  the 
articular  artery.  The  vessel  then  passes  between  the  coracoid  and 
the  furculum,  and  on  a  ligament  which  connects  the  head  of  the 
ooiacoid  to  tlutt  of  the  scapula,  and  disperses  its  branches  upon 
the  upper  part  of  the  shoulder^joint,  forming  anastomoses  with  the 
neighbouring  arteries. 

*  The  next  branch  of  the  subclavian  is  the  humeral  artery, 
ib.  16 ;  it  arises  from  the  upper  side  of  the  vessel,  and  makes  a 
slight  curve  to  reach  its  situation  on  the  inside  of  the  arm  in  order 
to  disperse  its  branches  in  the  nuuiner  hereafter  described. 

'  The  internal  mammary  artery,  fig.  94,  s«,  is  given  off  just  as 
tiie  subclavian  leaves  the  chest.   It  divides  into  three  branches ; 
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one  raraifies  upon  the  inner  surface  of  the  sternum,  another  upon 
the  Bterual  ribsj  and  the  intercostal  imisdos,  and  the  third  runs 
along  the  anterior  extremities  of  the  vertebral  ribs,  supplying  the 
intercostal  muscles,  &c. 

*  The  chief  peculiarity  of  the  arteries  of  the  superior  extre- 
mities in  l)irds  consists  in  the  i^reat  niai^nitude  of  the  vessels  which 
gupply  the  pectoral  muscles  ;  these,  instead  of  beincr  incoiisider- 
able  branches  of  the  axillary  artery,  are  the  continuations  of  the 
tniok  of  the  subclavian,  of  which  the  humeral  is  only  a  l)ranch. 

*  The  f/r(  at  peetifral  or  thoracic  c/r^  /y/  ])asses  out  of  the  chest 
over  the  first  rib  and  close  to  the  sternum,  and  iuunediutcly 
divides  into  two  branches.  (Jnc  of  then),  fig.  93,  ifi,  ramifies  in 
the  superior  part  of  the  pectoralis  major,  and  the  c)ther,  il).  ir,  is 
exhausted  in  the  lower  part  of  the  muscle,  aud  sends  oflf  a  brum  h 
analocrous  to  the  lont'  thoracic  arterv  of  Mammalia.'  FIl'".  ^^3 
shows  tiie  chstribution  of  these  arteries  to  tlie  bkia  alter  per- 
forating the  perforal/'s  muscle. 

*  The  huimrdl  artcri/,  while  within  the  axilla,  gives  a  small 
branch  bat'kward  to  the  nniscles  under  the  scajnila,  and  upon 
reaching  the  inside  of  the  arm  ])roduces  an  artery  that  soon 
divides  it»to  the  articular  and  the  jirofiinda  humeri.  The  nrtieu" 
lar  artery  [msses  round  the  head  ol  the  humerus,  underneath  the 
extensors;  it^s  branches  penetrate  the  deltoid  muscle,  aud  auu^ 
Blujaose  with  the  other  smalt  arteries  around  the  joint. 

*  Tlic  proiiiitua  humeri,  as  usual,  turns  under  the  extensor 
muscles  to  reach  the  back  of  the  bone,  at  \Nhich  place,  in  birds, 
it  scyMirates  into  two  bi'anehes,  of  which  one  descends  ujion  the 
inside,  and  the  utiier  upon  the  outside  of  the  articulatitm  »>f  the 
humerus  with  the  radius  and  ulna,  and  there  inosculate  with  the 
recurrent  branches  of  the  arteries  of  the  fore-arm. 

*  After  the  humeral  artery  has  sent  off  the  jimfunda,  it  deacends 
aloiej-  the  inner  edge  of  the  bicej)s  nuiscle,  detaching  some  i»ranches 
to  tile  neiuliii  u  1  ing  parts;  n])on  arriving  at  the  fold  of  the  wing, 
it  divides  int*t  l^v<»  branches;  one  of  these  is  analogous  to  the 
vIiKtr  arterv.  ami  tlir  ntlier  from  its  posltiou  deserves  to  be  called 
ratlicr  the  int*  i  (km-hhis  iltan  the  radial  artery. 

*  At  the  place  where  the  humeral  pr<»duces  the  two  arteries  of 
the  fore-arm,  a  ."-mall  l)ran<'h  is  sent  off,  which  is  lost  upon  the 
fore-pnrt  of  the  joint,  and  in  anastomoses  with  the  recurrent  of 
the  ulna  and  prof  unda  humeri. 

*  The  ulnar  artrn(  is  the  principal  division  of  the  humeral  ;  it 
proceeds  superficially  over  the  nmscles  which  are  analog(uis  to  the 
pronatur,  sends  a  large  recurrent  branch  under  the  flexor  ulnaiis 
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to  tlie  back  of  the  joint,  upon  which  it  rainlfics  and  formfl  ana- 
stomoses with  the  profunda  luinieri.  The  artery  then  proceeds 
alonjr  the  inner  edjre  of  the  uln  u  muscles,  to  whicli  it  distributes 
branches.  It  is  afterwards  seen  passing;  over  the  carpal  bone  of 
the  ulnar  side,  atid  under  the  annular  ligament,  at  which  place  it 
sends  off  some  branches  which  spread  upon  the  joint  and  inosculate 
with  the  similar  uucfe  of  the  interos=scous  artery.  Very  soon  after 
the  ulnar  artery  cjets  upon  the  metai  ai  jtns,  it  dips  in  between  tiic 
boncti,  and  reappears  ui)un  the  opposite  side,  lying  under  the 
roots  of  the  quills,  to  each  of  which  it  sends  an  artery  ;  it  pre- 
serves tliis  situation  to  the  end  of  the  metacarjial  bones,  where  it 
passes  between  the  style  analogous  to  the  little  finger  and  the 
j)rineipai  or  fore-finger,  and  pursues  its  course  along  the  e<lge  of 
the  latter,  to  llie  extremity  of  the  wing,  supplying  each  of  the 
true  quills  with  an  artery,  ;ind  sending  at  each  joint  of  tbi*  linger 
a  cross  branch  to  coiiuuunicatc  with  the  unuritoiuosiug  branches 
on  the  opposite  side, 

*  The  intei  u.ssious  artery  detaches  first  a  branch  of  some  size  to 
the  membrane  which  is  spread  in  the  fold  of  the  wing,  upon  w  hii  h 
it  forms  several  i auiiflcaticms,  fig.  94,  o.  After  this  the  aricry 
dips  down  behind  the  llexor  muscles  to  get  into  the  space  bttween 
the  ulna  and  railius.  It  here  gives  a  branch  backwanl  to  com- 
municate with  the  others  abont  the  joint, and  j>roceeds  in  tin*  int.  r- 
osseous  space  as  I'ar  as  the  carjial  joint,  during  which  conr«i'  tIk  v 
become  much  diminished  IVom  mvinjx  off*  sevi.  ral  lu  ancliC'  uliii  b 
nvv  di<tributetl  to  the  intcgnnjenis  antl  the  ([uiils  placed  u|>"n  the 
ont>i<lc  of  the  ulna.  The  remainder  of  the  interosseous  arf«  ry 
e\i>en(h'd  in  small  branches  upon  the  b.ick  of  the  carj»al  joint,  tin* 
bii^lanl  (jnills,  and  along  the  radial  edge  of  the  meta<'arf>al  and 
b<mes  of  the  fore-finger,  where  it  forms  commnnicatitms  wiih  ihc 
cross  Ijranrhes  of  the  nlnai-  aricrv  already  mcniiiMUMb 

*  From  this  descnptioji  it  will  j.*  rcris  cd  that  no  artcr\  c.\i^ta 
in  birds  strictly  analog«>us  to  the  radial  ;  that  there  arc  no  palmar 
arches;  and  that  the  size  of  the  interosseous  artery,  and  the 
conr^e  of  the  ulnar,  along  the  outside  of  the  metacarpus,  are 
peculiarities  which  arise  irom  the  necessity  of  affording  a  lai^ 
au]q»ly  t»f  blood  to  the  ipnlls  (hiring  their  growth. 

*  The  (/rsri/t(//////  aortti^  fig.  \)?t,  19,  makes  a  curve  round  the 
right  aiuirle  and  i-ight  bronchus,  in  order  to  '_cet  upon  the  [H»Ht- 
terior  surfaee  of  the  heart,  aitcr  w  hich  itseourse  is  close  along  tlie 
spine,  in  which  situation  it  is  bound  down  l»v  cellular  substance, 
and  the  strong  mcnd>rane  or  ajnuieurosi-,  which  covers  the  hmir* 
on  their  anterior  part.     The  first  branches  wliich  this  vesssei 
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appears  to  send  ufF  are  bronchial  arteries ;  they  ari.se  f  rom  the 
fore  part  of  the  aorta,  just  a\  lien  it  arrives  upon  tlie  sj)ine;  and 
having  entered  tlie  lunfjs,  their  raniificatioiKs  ace(>ni])aiiy  those 
of  the  pulmonai  V  arteries.  Tliey  appear  also  to  bend  branches 
to  the  spine  aiid  the  spaces  between  the  ribs. 

*  The  intercostal  arteries  do  not  take  their  ori«jin  from  the  aorta 
in  numerous  and  ree^ular  brauciies  as  in  Mamuials,  but  consist 
originally  of  l)nt  few  vessels,  whieli  arc  uiultiplied  by  anasto- 
moses with  each  other,  and  with  the  luteries  which  come  out  of 
the  spinal  canal.  An  arterial  jilexus  is  thus  formed  round  the 
heads  of  the  rib«,  from  which  a  vessel  is  sent  to  each  uf  the  inter- 
costal spaces.  Many  of  ihe&e  brunches,  besides  supplyin*^  the 
interc<i>tal  muscles  and  rib*»,  are  continued  into  the  muscles  upon 
the  outside  of  the  bodv  an*i  the  inte-iuments.  The  anastomosis 
of  the  intercostal  arteries  round  the  ribs  is  very  similar  to  the 
plexus,  which  is  protluced  by  the  great  sympalhetic  nerve  in  the 
bome  situatitm. 

*  The  aorta  produces  no  Inanch  which  deserves  the  name  of 
the  phrenic  artery,  as  birds  ilo  nut  jwssess  that  ninscular  septum 
of  tlie  body  to  which  the  artery  of  this  name  is  disUibutcd  in 
other  animals. 

*  The  cteliac  artery y  fig.  Uo,  20,  is  a  very  large  single  trunk,  and 
anses  from  the  lore  part  of  the  aorta,  even  higher  than  the  zone 
of  the  gastric  glands.  It  descends  obliijucly  for  a  short  way,  and 
then  gives  olf  a  branch  which  soon  divider  into  two  or  three 
(»thers  that  are  spread  ujMMi  the  lower  part  of  the  (rst>iilnigus,  and 
the  side  of  the  zone  of  the  gastric  glands,  uniiing  with  the  other 
arteries  of  the  crsophagus  above,  and  extending  downwards  upon 
the  |M)Sterior  side  of  the  ventricle,  and  anastomosing  with  the 
anterior  gastric  artery.  The  U  unk  ol"  the  cceliac  now  divides  into 
two  very  large  branches,  which  from  their  distribution  we  have 
idioHcn  to  call  the  posterior  and  the  anterior  gastric  arteries. 

*  The  piisterior  yastric  arttry,  almost  !is  socm  as  it  is  formed, 
detaches  the  splmic  artery;  and  very  s<>nn  after  it  furnishes  from 
the  posterior  side  of  the  vessel  the  right  /ifjtafic  artery.  This 
branch  pu»cceds  to  the  right  lobe  ot"  the  liver,  which  it  enters  on 
the  side  of  the  hepatic  duct;  after  having  divided  into  t\vt>  or 
three  minute  arterioH  on  its  way  to  the  liver,  it  sujiplies  the 
hepatic  duct  with  a  l^r.uich  which  accompanies  the  dnet  to  the 
intestine,  and  is  there  lost.  The  posterior  gastric  artery  then 
runs  down  upon  the  back  of"  ilie  gizzard,  and  oppo.^ite  to  the  . 
origin  of  the  first  intestim-  it  sends  otl"  uu  artery,  which  )iio(^ceds 
directly  to  one  of  tlie  ca^ca  {iu  the  Fowl),  upon  whicli  and  tlie 
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'side  of  the  next  intestme  it  is  expended,  inoscuUtiiig  ftt  die  end 
of  ihe  eoeoum  with  branches  of  the  mesenteric  artery,  which  are 
distributed  to  the  adj(nning  portion  of  the  small  intestine.  The 
posterior  gastrio  then  furnishes  a  large  yessel  which  runs  upon 
the  gizzard,  and  divides  into  two  chief  branches,  which  penetrate 
the  substance  of  the  digastric  muscle,  in  which  they  are  lost. 

*  The  next  branch  of  the  posterior  gastrio  artery  is  Ihe  pan- 
crmHe,  It  runs  between  the  two  pancreatic  glands,  dispensing 
branches  to  each  and  to  the  duodenum.  After  this  the  trunk  of 
the  posterior  gastric  divides  into  two  branches,  which  furnish 
twigs  to  the  muscular  parietes  of  the  ventricle,  and  run  along 
the  maigins  of  the  upper  and  lower  portions  of  the  digasUric 
muscle,  Bupplyin^r  them  with  numerous  twigs,  and  anastomosing 
with  the  ramifications  of  the  other  gastric  arteries. 

*  The  anterior  ga$tru!  arten/  descends  to  the  angle  formed  by 
the  bulbils  <^lan(luIo8US  and  the  gizzard,  and  there  sends  off  a 
small  branch  which  spreads  upon  the  zone  of  the  gastric  glands, 
and  inoF^c  iilates  with  the  first  ramifications  of  the  ca?liac,  and 
immediately  afterwards  it  detaches  a  large  artery,  which  runs 
round  the  superior  margin  of  the  digastric  muscle,  which  it  fur- 
nishes with  many  twigs,  and  communicates  freely  with  the  corre- 
sponding branch  of  the  posterior  gastric  artery. 

*  Three  small  hepatic  arteries  take  their  origin  from  this  branch 
of  the  anterior  gastric,  just  as  it  passes  over  the  highest  part  of 
the  marcrin  of  the  gizzard ;  these  vessels  enter  the  fissure  in  the 
left  lobe  of  the  liver.  The  anterior  gastric  artery  now  proceeds 
alonp^  the  fnre  part  of  the  gizzard,  sending  one  or  two  branches 
into  the  niiiseular  substance,  and  near  tlio  tendon  it  terminates  in 
two  large  vessc^ls,  one  of  which  is  distributed  u])on  the  left  side  of 
the  digastric  muscle,  and  the  other  passes  a  little  over  the  tendon, 
and  then  divides  into  two  arterie«,  whirh  j^roduce  several  hranehes 
that  disappear  in  the  subsiaji' <  <  f  the  gizzard,  and  between  the 
digastric  nuiscles  and  tlie  parietes  of  the  ventricle,  anastomosing 
witli  the  vessels  of  the  posterior  side, 

*  The  superior  mesenteric  (/rfrrr/,  fig.  93,  2i,  takes  its  on<^iu 
from  the  fore  part  of  the  aorta,  a  little  below  the  eceiiac,  and  })ro- 
ceeds  for  some  way  without  detaching  any  branches  ;  after  which 
it  experiences  the  same  kind  of  diviision  and  '^iil>division  that  takes 
place  in  Manmialia ;  and  the  numerous  arteries  which  are  thus 
ultimately  produced  are  spent  upon  the  small  intestines.  One  of 
the  first  and  larjrest  branches  of  the  superior  mesenteric,  however, 
is  allotted  to  supply  one  of  the  copcn,  and  to  establish  a  communi- 
cation with  the  inferior  mesenteric  and  gastric  arteries.  This 


Digitized  by  Google 


ABT£EI£S  OF  BIBDS. 


199 


hranchf  soon  after  it  leaves  the  tnink  of  the  superior  mesenteric, 
divides  iuto  two.  One  deBcends  upon  the  rectum,  where  it  meets 
with  the  inferior  mesenteric  artery,  with  wliii  h  it  produceis  a  very 
remarkable  anastomosis,  similar  to  the  mesenteric  arch  in  the 
human  subject ;  this  united  artery  supplies  the  rectum  and  origin 
of  the  co  ca.  The  second  portion  of  this  branch  of  the  superior 
mesenteric  runs  in  the  space  between  the  last  part  of  the  small 
intestine  and  the  Cflecum  o{  one  side,  ^c  luiing  numerous  branches 
t4>  each,  aiul  at  the  end  of  the  cojcum  communicates  in  a  palpable 
manner  with  another  branch  of  the  superior  mesenteric  artery, 
which  runs  upon  the  adjoining;  part  of  the  small  intestine. 

*  A  branch,  f/rtrnn  sjx nndticay  fig.  93,  22,  arises  from  the 
anterior  j*art  of  the  aorta,  just  below  the  lungs;  it  is  designed 
for  the  nutrition  of  the  organs  of  generation,  and  except  in  the 
season  for  propagation,  it  is  so  small  as  to  be  discovered  with 
difficulty;  but  when  the  testicles  become  enlarpred,  it  is  consider- 
ably increased  in  size  in  the  male  bird,  and  mut  li  more  so  in  the 
female,  when  the  ovary  and  oviduct  are  developed  for  prcKlncing 
eggs.  It  nearly  etiual^i  the  superior  mesenteric  artery  during  the 
period  of  laying,  in  which  state  we  shall  describe  it.  It  is  a 
single  artery,  like  the  co  liac  and  mesentxiric,  proceeds  at  a  right 
angle  from  the  aorta,  and  soon  sendjs  off  a  branch,  which  goeti 
into  the  kidney  of  the  left  sside,  to  which  it  gives  some  twigs,  and 
afterwanls  emerging  from  the  kidney,  it  runs  in  the  membrane  of 
the  oviduct,  upon  which  it  is  distributed.  After  this  branch  is 
detached,  the  artery  projects  a  little  I'arthcr  forward  into  the 
cavit\  ,  and  divides  into  two  l)ranches ;  one  of  these  goes  to  the 
oNairv,  in  which  it  ramifies,  and  furnishes  an  artery  of  some  size 
to  each  of  the  cysts  t  ontaining  the  ova.  The  other  is  distributed 
in  numerous  branches  to  ilu  membrane  and  superior  parts  of  the 
owiluct,  and  inosculates  with  the  other  arteries  of  the  oviduct. 
It  deserves  to  be  remarked,  tlmt  this  and  all  the  other  arteries 
which  are  furnishetl  the  ovidui  i  hav  e  a  tortuous  or  undulating 
course,  in  the  siuue  manner  as  the  vessels  of  the  uterus  of  the 
human  subject. 

*  There  are  no  regular  emuf(/ent  arteries  in  birds;  the  kidneys 
deriving  their  blood  I'rom  various  sources,  which  will  be  |)ointed 
out  as  they  occur. 

*  The  inferior  extremiiy  is  supplied  with  two  arteries,  which 
have  n  separatee  origin  from  the  auria.  ( )ne  corresponds  to  the 
femotul,  und  the  other  to  the  ischiadic  artery. 

*  The  frninrnl  (irtn  i/,  figs.  93.  94,  23,  is  a  small  trimk,  which 
takes  it4  urigiu  i'rom  the  side  oi'  the  aorta,  opposite  to  the  notch 
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in  the  bones  of  ibe  pelvis  immediately  under  the  last  rib.  This 
notch  is  formed  into  a  round  hole  in  the  recent  subject  by  a  ligar- 
ment  which  is  extended  from  it  to  the  rib ;  and  it  is  thiough  this 
hole  that  the  femoral  artery  makes  its  exit  from  the  pelvis  ;  just 
before  it  passes  out  upon  the  thigh,  it  sends  off  a  long  branch,  95, 
-which  runs  backward  the  whi>lc  length  of  the  margin  of  the  pel- 
vis, dispensing  arteries  to  the  abdominal  muscles  on  one  side,  and 
the  obturator  intemus  on  the  other.  This  branch  also  a]  j tears 
to  supply  one  to  the  oviduct.  The  femoral  artery,  immediately 
after  leaving  the  pelvis,  separates  into  two  branches ;  one  goes 
upward  and  outward,  ramifying  amongst  the  muscles  in  that 
situation ;  the  other  turns  downward,  and  is  distributed  to  the 
flexors  of  the  limb  and  round  the  joint,  and  sends  an  artery  to 
the  edge  of  the  vastus  intemus,  which  can  be  traced  a^  far  as  the 
knee.  The  kidneys  appear  to  derive  some  irregular  inconsider- 
able branches  from  the  femoral  artery  while  it  is  within  the  pehis. 

*  The  ischiadic  artert/^  figs.  89,  93,  26,  is  the  principal  trunk  of 
the  lower  extremities,  exceeding  very  much  in  size  the  femoral. 
When  it  is  produced  by  the  aorta,  it  appears  to  be  the  continua- 
tion of  that  trunk ;  tlie  remaining  part  of  the  aorta  becomes  so 
much  and  so  suddenly  diminished,  and  seems,  as  it  were,  to  pro- 
ceed as  a  branch  fnmi  the  haek  part  of  the  vessel. 

*  The  ischiadic  artery,  while  in  the  |)elvis,  is  coneealed  l>y  the 
kidneys,  in  whieli  situation  it  gives  a  braneh  from  it.s  lower  side, 
which  divides  iutt>  three  otliers  that  arc  <listril)iite(l  to  the  sub- 
stance of  the  kidneys  ;  one  of  these  on  the  left  side  is  continiied 
out  of  the  kidney  to  be  lost  njjon  the  oviduct.  The  artery  leaves 
tlie  jielvis  l)y  the  ischiadic  foramen  in  company  with  tlie  great 
nerve;  while  within  tlie  foramen  it  rrives  a  branch  uhhcpiely 
downward  under  the  biceps  to  the  musch?-  lying  in  the  jn-lvis  ; 
and  as  it  i»as>es  oyer  tlie  a<l(luctor  it  sends  otf  another  aionf  the 
lower  edge  oi"  that  muscle,  which  is  chiefly  lost  in  the  semi-mem- 
branosus.  It  then  detaches  several  small  l)ranclies  to  the  muscles 
on  the  outer  and  fore  part  of^  the  thigh,  some  of  which  anasto- 
mose round  the  joint  with  tlie  hraiu'hes  of  the  femoral  artery. 
Just  as  the  ischiadic  arrives  in  the  ham,  it  funiishes  a  very  large 
branch  downwui  J,  which  divides  into  two  ;  one  goes  under  the  gas- 
trocnemius, to  whicli  and  the  deep-seated  flexors  its  branches  are 
distributed  as  far  as  the  heel :  the  other  is  analogous  to  the 
peroneal  artery ;  it  goes  to  the  outside  of  the  leg,  supplies  the 
penmeal  nmscles  posteriorly,  and  passes  along  the  outer  edge  of 
the  flex(»rs  of  the  toes  to  the  heel,  above  which,  and  behind  the 
flexor  tendon,  it  divides,  running  on  each  side  ol  the  heel,  and 
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forming  several  articular  arteries  around  the  joint,  and  communi- 
cating with  the  other  branchy  and  with  the  anterior  tibial^  and 
the  metatarsal  branch  of  the  plantar  artery. 

'  The  arHndar  arierks  go  off  next  from  the  artery  in  the  ham; 
the  two  principal  ones  are  deep^eated.  One  proceeds  under  the 
vastus  intemns  to  the  ezternal  part  of  the  joint ;  the  other  is 
large,  and  situated  upon  the  inside.  It  forms  two  vessels:  one 
is  the  true  articular  artery,  and  spreads  upon  the  li<^ainents  of  the 
joint ;  the  other  is  distributed  in  the  substance  of  the  flexor  of 
the  heel,  which  is  placed  upon  the  inside  and  fore  part  of  the  leg, 
and  comes  out  upon  the  edge  of  this  muscle  to  be  lost  in  the 
integuments. 

'  The  posterior  tibial  artery,  fig.  94,  28,  is  extremely  small ;  it 
only  supplies  muscular  branches  to  the  internal  head  of  the 
gastrocnemiusi  and  some  of  the  flexors  of  the  toes ;  it  is  lost  on 
the  inside  of  die  heel  in  anastomoses  with  the  peroneal  artery, 
and  other  small  superficial  branches. 

*  The  trunk  of  the  artery  of  the  leg  now  gets  upon  tlie  poste- 
rior surface  of  the  tibia,  and  sends  off,  through  the  deficiency  left 
between  the  tibia  and  fibula  at  the  superior  part,  a  branch  which 
is  distributed  to  all  the  muscles  upon  the  fore  part  of  the  leg. 
The  artery  then  creeps  along  the  back  of  the  bones  for  some 
way,  and  passing  between  them  above,  where  the  fibula  is  anchy- 
losed  with  the  tibia,  it  reappears  on  the  anterior  part  of  the  leg 
in  the  situation  of  the  anterimr  tibial  artery  i  at  this  place  it 
detaches  some  very  small  branches,  which  frequently  divide  and 
uEute  again,  to  produce  a  most  singular  reticulation  or  plexus  of 
vesseb,  which  closely  adheres  to  the  trunk  of  the  artery,  and  is 
continued  with  it  as  far  as  the  articulation  of  the  tibia  with  the 
metatarsal  bone,  where  it  disappears  without  seeming  to  answer 
any  useful  design.  This  plexus  resembles  in  appearance  exactly 
the  division  of  the  arteries  of  the  extremities,  which  has  been 
described  by  Mr.  Carlisle  in  the  tardigrade  quadrupeds,  but 
differs  from  it  in  this  circumstance,  that  the  trunk  of  the  artery 
is  preserved  behind  it,  without  suffering  any  material  diminution 
of  its  size. 

*  The  anterior  tibial  artery  furnishes  no  branch  of  any  impor- 
tance during  the  time  it  is  proceeding  along  the  fore  part  of  the 
leg.  It  passes  under  the  strong  ligament  which  binds  down  the 
tendons  of  the  anterior  muscles  of  the  leg,  and  over  the  fore  part 
of  the  joint  on  the  inside  of  the  tendon  of  the  tibialis  anticus,  at 
which  phuses  it  distributes  some  branches  which  inosculate  with 
the  other  arteries  round  the  joiut ;  it  then  pursues  its  course  iu 


Digitized  by  Google 


SOS 


ANAT0H7  OF  VEBTRBRATES. 


the  grooT6  along  tlie  anterior  surface  of  the  metatarsal  bone, 
and  covered  by  the  tendon  of  the  flexor  digitorum.  On  oomiBg 
near  the  foot  it  sends  off  an  artery,  which  diTides,  behind  the 
joint  of  the  internal  toe,  into  two  branches ;  one  goes  between 
the  internal  and  middle  toes,  ramifies  upon  both  their  joints,  and 
unites  with  the  artery  in  the  sole  of  the  foot ;  the  other  is  dis- 
tributed between  the  internal  toe,  and  the  pollex  or  toe  which 
occupies  the  place  of  the  great  toe;  the  main  artery  now  passes 
to  the  sole  of  the  foot  through  a  hole  in  the  metataraal  bone,  left 
for  the  purpose,  when  the  original  parts  of  this  bone  were  united 
by  ossification.  In  this  situation  the  artery  might  TeceiTe  the 
name  of  the  plantar.  It  has  scarcely  passed  through  the  bone, 
when  it  divides  into  six  branches ;  three  of  these  are  distributed 
to  the  tendons  and  ligaments,  &c.,  on  the  outside  of  the  foot  aod 
the  back  of  the  metatarsus,  anastomosing  with  the  descending 
branches  of  the  peroneal  artery ;  the  fourth  branch  supplies  the 
poUex,  and  also  sends  a  branch  from  the  metatarsus*  The  re> 
maining  branches  are  designed  for  the  three  principal  toes ;  one 
dips  in  between  the  internal  and  middle  toe,  unites  with  the 
anterior  branch  of  the  metatarsal  artery,  and  is  distributed  to  the 
sides  of  these  toes  as  far  as  their  extremity.  The  other  divides, 
between  the  external  and  middle  toe,  into  two  branches,  which 
run  upon  the  opposite  side  of  each  of  these  toes  to  the  end. 

'  When  the  feet  are  webbed,  the  digital  arteries  send  off  no* 
merous  branches,  which,  ramifying  in  the  membrane  between  the 
toes,  establish  a  communication  with  each  other.  The  prescst 
description  has  been  taken  from  birds  which  possess  three  prin- 
cipal toes,  and  the  back  toe  or  pollex;  but  no  material  difference 
can  be  expected  in  those  with  a  greater  number  of  toes. 

*  After  the  trunk  of  the  aorta  has  detached  the  ischiadic  ar- 
teries, it  is  continued  along  the  spine  as  the  arieria  gaeru  medim^ 
fig.  93,  ss,  sending  off  small  branches  answering  to  iumbar 
arteries,  one  of  whii^  ascends  upon  the  rectum,  supplies  the  place 
of  the  inferior  me§etUeric,  ib.  so,  and  unites  with  the  superior 
mesenteric  as  already  mentioned.  The  aorta  separates  above  the 
coccygeal  vertebra  into  three  branches ;  two  of  these  (the  Aj^m- 
gaairie  orierieM,  ib.  si,  proceed  laterally,  and  are  distributed  to 
the  neighbouring  parts,  and  to  the  kidneys  and  oviduct;  the 
third  branch  (the  eoeeygeal  artery ^  ib.  ss)  descends  to  the  very 
point  of  the  tidl,  upon  the  muscles  and  quiUs  of  which  its  brandies 
are  exhausted. 

'The  arterial  system  of  Birds,  besides  the  distinguiabing 
charaoters  above  mentioned,  differs  from  that  of  Mammals  chiefly 
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in  the  frequent  anaBtomoses,  wluch  exist  more  espedallj  amongst 
the  arteries  of  the  head  and  the  viscera.  Similar  oonmiunications 
ooeur  between  the  Teins.'  * 

Besides  the  remarkable  arterial  pleznses  mentioned  in  the 
general  desoription,  as  the  orbital,  the  temporal,  the  spennatic 
pleznsesy  &&,  that  which  Bar^ 
kow'  has  described  under  the 
name  of  the  plexus  of  the 
organ  of  incubation  {Brutor^ 
pane)  desenres  spedal  notice. 
It  is  represented  at  \7,  is,  fig. 
93,  and  is  composed  of  branches 
coming  from  the  posterior  tho- 
racic, abdominal,  cutaneous, 
and  ischiadic  arteries,  which 
ramify  beneath  the  integument 
of  the  abdomen,  and  form,  by 
their  unions,  a  rich  network 
of  vessels  which  becomes  truly 
extraordinary  in  the  time  of 
hatching.  At  this  period  many 
birds  pluck  off  Uie  feathers 
from  ^e  seat  of  incubation, 
probably  thereto  impelled  by 
the  great  degree  of  heat  caused 
by  the  influx  of  blood  into  the 
incubating  plexus. 

§  155.  Veins  of  Birdt.^ 
The  venous  blood  is  returned 
to  the  heart  by  means  of  three 
trunks ;  two  of  these  are  pre- 
cavals,  fig.  90,  a,  6,  and  one 
postcaval,  ib.  e.  Each  precis 
val,  fig.  94,  a,  is  composed  of 
the  ji^ular  and  vertebral,  and 
the  veins  of  the  wing. 

*  The  verUhral  vein  is  lodged  in  the  same  canal  with  the  verte- 
bral artery ;  it  anastomoses  between  the  vertebras  with  the  veins 
of  the  myelonal  membranes.  It  also  fireely  communicates  at  the 
base  of  the  cranium  with  the  jugular  vein,  and  receives  blood 
from  the  muscles  of  the  neck. 

'  The  jvgular  vein,  fig.  94,  6,  is  a  single  trunk  in  birds,  and 
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does  not  adiiiit  of  the  distinction  into  external  and  internal ;  it 
proceeds  superficially  alon^^  the  side  of  the  neck  in  company  -with 
the  par  vufrnm.  The  vein  uf  the  ri<xht  sitic  exceeds  the  other  in 
size  ;  it  is  oiteu  twice  as  large.  The  iuirnlar  vein  receives  several 
lateral  branches  from  the  muscles  aiul  iiii*  ^miieiits  of  the  neck, 
ib.  d,  the  ff'sophagus,  &c.  (the  veins  from  the  crop  joining  the 
jugular  are  shown  at  c) :  one  of  these  near  the  head  is  much 
longer  than  the  rest,  ib.  e:  it  lies  deep  amongst  the  muscles,  and 
appears  to  communicate  witli  the  vertebral  vein.  There  is  a 
branch  (»f  the  jugular  which  goes  to  the  superior  laryux  amongst 
the  muscles  of  the  tongue  and  of  the  hvoid,  and  anotlier  for  the 
muscles  within  the  jaws  and  the  integuments  in  the  back  of  tlie 
mouth ;  the.«e  might  be  called  the  iint/ual,  thyroid,  and  submaxil" 
lary  veins,  ib.  (j.  A,  i. 

•The  jugular  veins  form  a  rcmuikablc  comuuinualiou  with 
each  other  immediatelv  below  the  cranium,  by  means  uf  a  crusis 
branch,  generally  of  an  equal  size  with  the  trunks  themselves. 
From  each  side  of  the  arch  thus  formetl  there  issues  a  larcre 
vessel,  which  is  made  up  of  the  veins  of  the  external  part  uf  the 
head ;  one  of  these  passes  ronnd  the  tympanic,  and  apparently 
penetrates  the  joint  of  that  bone  with  the  lower  jaw ;  it  ajipears 
in  sevend  branches  upon  the  side  of  the  cheek,  and  contributes 
to  form  a  plexus  of  veins  below  the  posterior  part  of  the  orbit^ 
ib.  kf  eimilar  to  ihe  arterial  plexus  already  described  in  that 
situation.  The  principal  brandb  of  the  veins  of  tlie  head  psasea 
obliquely  round  the  pterygoid  bone>  and  below  the  orbit  <HvideB 
into  several  large  veesels,  one  of  which  belongs  to  the  back  part 
of  the  palate ;  another  ascends  on  the  orbits  and  unites  with  the 
ophthalmic  vein ;  and  a  third  is  distributed  to  the  interior  of  the 
organ  of  Bmell,  the  palate^  and  the  external  parts  of  the  upper 
and  lower  jaws.  These  branches  produce  plexuses  along  the 
base  of  the  orbit  and  the  external  edge  of  the  pakte,  which 
correspond  to  those  of  the  arteries  before  described.*  ^ 

The  sinuses  of  the  brain  are  irregular  in  form,  and  consist  of 
flattened  canals.  The  principal  ones,  besides  those  upon  the 
cerebellum,  are  the  superior  longitudinal,  and  one  which  runs 
along  the  lower  edge  of  each  hemisphere  of  the  cerebrum ;  there 
appears  to  be  also  one  upon  the  side  of  the  cerebellum,  corre- 
sponding to  the  lateral  sinus.  All  these  sinuses  communicate 
with  each  other  on  the  back  of  the  cerebellum,  and  seem  to  dis- 
charge their  contents  principally  into  some  veins  which  lie  in  the 
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myeloiial  sheath,  and  these  appear  to  dispose  of  their  blood 
gradually,  as  they  descend  in  the  neck,  by  means  of  lateral  com- 
munication with  the  Tertebral  v^ns.  The  superior  longitudinal 
sinus  is  continued  at  its  anterior  part  under  the  frontal  and  nasal 
bones,  and  anastomoses  with  the  ophthalmic  and  nasal  veins. 
There  are  other  small  sinuses  in  the  several  dupficatures  of  the 
dura  mater. 

The  veins  of  the  wings,  which  are  derived  from  the  parts  within 
the  chest,  the  muscles  about  the  scapula,  and  the  pectoral  muscles, 
accompany  the  arteriea  of  the  same  parts  so  regularly  that  their 
course  does  not  require  description. 

The  axillary  twin,  fig.  94,  /,  lies  considenbly  lower  in  the  axilla 
than  the  artery,  but  still  continues  to  receive  corresponding 
branches  (m  indicates  the  great  pectoral  vein).  The  trunk  of 
the  vein  descends  in  the  course  of  the  humeral  artery,  but  more 
superficially ;  in  this  situation  it  may  be  called  the  humeral  vein, 
ib.  ft.  Branches  of  this  vein  accompany  the  articular  and 
profunda  arteries,  and  at  the  middle  of  the  humerus  a  large 
branch  of  the  vein  enters  the  bone ;  there  are  also  two  very 
small  branches  which  lie  in  close  contact  with  the  humeral  artery, 
which  they  accompany  nearly  its  whole  length. 

The  principal  vein  of  the  wing  divides  into  two,  opposite  to 
the  joiut  of  the  humerus  with  the  fore-«m.  One  of  these 
branches,  ib.  o,  belongs  to  the  sides  of  the  radius;  it  receives 
blood  from  the  muscles  and  skin  on  the  upper  part  of  the  fore> 
arm,  but  its  chief  vessels  lie  between  the  integuments  of  the  fold 
of  the  wing.  The  other  branch  of  the  humeral  vein,  lb.  p,  crosses 
the  fore-arm,  just  below  the  articulation,  in  company  with  the 
nerve,  and  running  along  the  inferior  edge  of  the  ulna,  receives 
a  branch  from  between  the  basis  of  each  quill,  is  continued  along 
the  ligament  which  sustains  the  rest  of  the  quills  to  the  extremitf 
of  the  wing,  recei\Hng  many  veins  of  the  joints  from  the  oppodto 
side  of  the  fingers.  Besides  these  large  superficial  veins  of  die 
fore-arm,  there  appears  to  be  one,  and  sometimes  two,  small 
accompanying  veins  to  the  ulnar  and  interosseous  arteries,  ib.  q. 

The  inferior  vena  cava,  ib.  K,  before  it  enters  the  auricle.  A,  re- 
ceives as  Qfmal  the  hepatic  veins,  ib.  #;  these  are  numerous,  and  open 
into  the  cava  as  it  passes  behind  the  liver,  or  more  frequently 
within  the  Buhstance  of  that  riscus  in  the  back  part 

The  trunk  of  the  vrnn  cava  is  very  short  in  the  abdomen ;  it 
separates  into  two  great  branches  analogous  to  the  primary  iliae 
veinM^  ih.  i>{)|>osite  to  the  adrenals;  these  turn  to  each  side,  and 
ex{>cnence  a  very  singular  distribution.     On  coming  near  the 
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edge  of  the  pelvis,  each  of  tliese  two  veiiiB  fonns  two  branches; 
one  of  which  collects  the  blood  of  the  lower  extremity,  as  her^ 
alter  described ;  the  other  passes  straight  downward  imbedded  in 
the  substance  of  the  kidney,  and  admits  the  seyeral  emnlgent 
veins,  which  are  yerj  large,  and  are  seen  to  pass  for  some  way 
obHqucIy  in  the  kidney  before  their  termination.    Sometimes  the 
emu^ent  veins  are  double,  as  in  the  figure,  ib.  tr.   The  limb- 
vein  sends  off  a  descending  branch  into  the  renal  tissue  which, 
when  arrived  at  the  lower  end  of  the  kidney,  divides  into  three 
branches ;  one  receives  the  blood  of  the  muscles  of  the  tail  and 
parts  adjacent ;  another  accompanies  the  ureter  to  the  side  of  the 
rectum,  and  is  distributed  about  the  anus  and  parts  of  gene> 
rationt  answering  to  the  htemcrrhaidal  veins ;  the  third,  ib.  9,  v, 
passes  inward  to  the  middle  line  between  the  kidneys,  and  there 
unites  with  the  corresponding  branch  of  the  opposite  side.  These 
are  the  branches  which  have  been  supposed  to  carry  venous 
blood  iniQ  the  kidneys,  for  the  puqjose  of  supplying  material 
for  the  urinary  secretbn.    The  vessel  which  is  in  this  manner 
produced,  ib.  z,  receives  all  the  blood  of  the  rectum  from  the  anus 
to  the  origin  of  the  coeca,  anastomosing  below  with  the  branches 
of  the  haBmonhoidal  veins;  and  at  the  upper  part  of  the  rectum, 
it  becomes  continuous  with  the  trunk  of  the  veins  of  the  small 
intestines,  ib.  jr,  forming  the  most  remarkable  anastomods  in  the 
body,  both  cm  account  of  its  consequences  and  the  size  of  the 
vesseJs  by  which  it  is  effected.   By  means  of  this  oonununicatioii, 
the  blood  of  the  viscera  and  the  external  parts  of  the  body  flcwa 
almost  indifierently  into  the  vena  cava  and  vena  port»,  v ;  for 
the  anastomosing  vessels  are  sufficiently  large  to  admit  the  ready 
passage  of  a  considerable  column  of  blood  in  jiruportioo  to  tlie 
whole  mass  which  circulates  in  the  body  of  the  bird ;  for  instance, 
in  the  Goose  the  communicating  veins  of  the  pelvis  are  equal  in 
size  to  a  goosc-quill,  and  in  the  Ostrich  and  Cassowary  they  are 
as  thick  as  a  finger.   Besides  their  anastomoses  the  princifuJ 
visceral  veins  are  remarkable  for  thdr  large  size  in  the  Diving 
Birds. 

'  The  anastomous  of  the  ])elvic  veins,  in  beii^  the  !»M^if#  of 
conveying  common  venous  blood  into  die  liver,  goes  to  piw<e 
that  the  blood  of  the  vena  portas  does  not  require  any  peculiar 
preparation  by  circulation  in  the  spleen  or  other  viscera  to  fit  it 
for  the  secretion  of  bile. 

'  The  vena  partm,  ib.  w,  belongs  almost  ezdnsively  to  Ham 
right  or  principal  lobe  of  the  liver.  It  is  formed  by  ihrve 
branches.     The  spUnie  vein  is  the  smallest,  and  is  added 
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to  the  vena  porta?,  just  as  it  penetrates  the  liver  on  the  side  of 
the  hepatic  duct  The  next  is  made  of  two  branches ;  of  which 
one  returns  the  blood  of  the  ])<).^terior  gastric  artery,  and  tlicre- 
fore  may  be  called  the  postcruir  gastric  vein ;  and  the  other  is 
furnished  by  the  pancreas  ami  duodenum,  and  is  the  pancreatic 
vein.  The  third  and  largest  branch  of  the  vena  portas  is  the 
meseiitf  ric  vein,  ib.  jt,  which  not  only  collects  the  blood  from  all 
the  sniiiU  intestines,  but  likewise  receives  the  inferior  mesentericy 
ib.  r,  or  vein  of  the  rectnin,  which  forms  the  coumiuuication  that 
has  been  described  with  the  pelvic  veins. 

*  The  veins  o  f  the  le  ft  lobe  of  the  liver  are  furnished  in  the 
Goose  by  those  which  acconijiany  the  anterior  j^astric  artery,  and 
some  brandies  from  the  head  of  the  duodenum. 

*  Tlie  anterior  gastric  veins  produce  two  small  trunks,  which 
enter  at  the  two  extremities  of  the  fissure,  in  the  concave  surface 
of  the  left  lobe  of  the  liver,  as  it  lies  upon  the  edge  of  the 
gizzard;  the  veins  from  the  head  of  the  duodenum  furnish  a 
small  vessel  wiiich  passes  backward  to  penetrate  the  posterior 
part  of  the  fissure  in  the  left  lobe. 

*  In  the  Cnck  the  veins  that  the  left  lobe  of  the  liver  derives 
from  the  anterior  jiastrlc,  are  more  numerous  than  in  the  Goose. 

*  I'he  veins  of  llie  zone  of  gastric  glands,  aud  of  the  lower 
portion  of  the  oesophagus,  do  not  contribute  to  the  secretory 
vessels  of  the  liver,  but  proceed  to  the  superior  ])art  of  that 
vise  us,  to  terminate  in  the  vena  cava,  as  does  also  tlie  umbilical 
vein. 

*  The  vein  which  returns  the  blood  of  the  inferlui  extremities 
is  ilivivkii  in  the  pel  vis  into  two  branches,  which  correspond  with 
the  femoral  and  iiichiadic  arteries;  the  one  passes  tlirough  the 
ischiadic  foramen,  and  the  other  throutrh  the  hole  upon  the 
anterior  margin  of  the  pelvis;  but  the  pru|K»rtiou  they  bear  Ut 
each  other  iu  magnitude  is  the  very  reverse  of  what  occurs  iu 
the  arteries ;  for  the  anterior  vein  is  the  princii)al  one,  whilst  the 
other  is  not  a  very  considerable  vessel,  and  receives  its  supply  of 
bi<H;«l  from  the  muscles  at  the  posterior  part  of  the  joint. 

*  T\\Q  femoral  veiny  ib.  o  <'/,  immediately  without  the  pelvis,  gives 
I  tranches  on  both  sides,  which  receive  the  l)loo(l  of  the  extensor 
and  adductor  muscles  at  their  superior  part:  the  trunk  passes 
obliiiuely  under  the  accessory  muscle  of  the  flexor  digitonim,  and 
over  the  OS  fenmris.  where  it  lies  su[ierlicially  ;  it  then  winds 
under  the  adductor  mu.^i  Ic-^,  and  gets  iuto  the  ham,  b  b,  where  it 
receives  many  nuiHCular  branches,  and  comes  into  company  with 
the  artery  and  nerve.    It  here  divides  into  the  itOial,  c  c,  and 
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peroneal  veins*  The  first  is  joined  bj  some  branches  from  the 
sitr&ce  of  tlie  joint  answering  to  the  articular  arteries;  it  also 
receives  the  afUerior  tibial  vein  which  accompsnies  the  artery  of 
the  ssme  name.  The  tibial  vein  proceeds  down  the  along 
with  the  artery  on  the  inside  of  die  deep-seated  flexors  of  the 
heel :  it  tarns  over  the  fore  part  of  the  articulation  of  the  tibia 
with  the  metatarsal  bone,  in  order  to  get  upon  the  inner  side  of  the 
metatarsus;  above  the  origin  of  the  poUex,  it  receives  a  com- 
municating branch  from  the  peroneal  vein,  and  immediately  after 
two  branches  from  the  toes :  one  of  them  comes  from  the  inside 
of  the  internal  toe ;  the  other  arises  from  the  inside  of  the  exter- 
nal and  middle  toes,  unites  at  the  root  of  the  toes  in  the  sole  of 
the  foot,  and  is  joined  by  a  branch  from  the  poUez,  before  its  ter- 
mination in  the  internal  vein  of  the  metatarsus. 

^  The  peroneal  vein  derives  its  principal  branches  along  with 
those  of  the  peroneal  artery,  from  the  muscles  on  the  outside  of 
the  1^.  The  trunk  of  the  vein  comes  out  from  the  peroneal 
muscles,  and  passes  superficially  over  tlie  joint  of  the  heel»  and 
along  the  outside  of  the  metatarsus ;  near  the  poUex,  or  great 
toe,  it  send?*  a  branch  round  tlie  back  of  the  leg,  to  communicate 
with  the  tibial  vein ;  after  which  it  continued  upon  the  outside 
of  the  external  toe  to  the  extremity,  receiving  anastomosing 
branches  from  the  tibial  vein. 

*  Where  the  veins  run  supei'ficially  upon  the  iipjicr  and  lower 
extremities,  they  seem  to  supply  the  place  of  the  hraiiehes  of  the 
cephalic,  hnsific,  and  the  two  snphencp  ;  but  the  analogy  is  lost 
upon  the  upper  arm  and  thigh,  tliese  branchr-^  fonning  deep-seated 
trunks ;  this  coTistitutes  the  greatest  ])eeiiliarity,'  as  compared 
with  Man  and  many  Mammals,  iu  the  distribution  of  the  veins 
in  the  extremities  of  Birds.' 

■  XUII*. 
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CHAPTER  XX. 

BE8PIBATOBT  SYSTEM  OP  BIRDS. 


§  156.  Lungs  of  Birds,  Notwithstanding  the  extent  and  ac^ 
tivitj  of  the  respiratory  function  in  Birds,  the  organs  subser- 
vient thereto  manifest  more  of  the  Reptilian  than  of  the  Mamma- 
lian type  of  formation. 

The  lungs  are  confined,  as  in  the  Tortoise,  to  the  back  part  of 
the  thoracic-abdominal  cavity,  being  firmly  attached  to  the  ribs 
and  their  interspaces ;  and,  as  in  the  Serpent,  they  communicate 
with  large  membranous  ceUs  which  extend  into  the  abdomen  and 
serve  as  reservoirs  of  air.  In  the  Apteryx  alone  they  do  not 
penetrate  the  diaphraffrni. 

In  those  aquatic  Birds  which  are  deprived  of  the  power  of 
flight,  as  the  Penguin,  the  air-receptacies  are  confined  to  the 
abdomen  ;  but  in  the  rest  of  the  class  they  extend  along  the  sides 
of  the  neck,  and,  escaping  at  the  chest  and  pelvis,  accompany 
the  muscles  of  the  extremities.  They  also 
penetrate  the  medullary  cavities  and  diploe 
of  the  bones,  extending  in  different  species 
through  different  proportions  of  the  osseous 
system,  until  in  Voliiores,  even  in  the  Horn- 
bill,  every  bone  of  the  skeleton  is  per- 
meated by  air.  There  »,  indeed,  no  class  of 
Animals  so  thoroughly  penetrated  by  the 
medium  in  which  they  live  and  move  as  that 
of  Birds. 

The  lungs  are  two  in  niunber,  of  a  length- 
ened, flattened,  oval  shape,  fig.  95,  extend- 
ing along  each  side  of  the  spine  from  the 
second  dorsal  vertebra  to  the  kidneys,  and 
laterally  to  J|f9  hi  notion  of  the  vertebral  with 
the  s|lern^ffiblf  They  are  not  suspended 
freelyHMv  divided  into  lobes,  as  in  Mammals ; 
but  are  confined  to  the  back  part  of  the  chest  by  cellular 
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membrane,  and  the  pleura  is  reflected  over  tlie  sternal  surface 
onlv,  to  which  the  strong  aponeurosis  of  the  diaphraj^matic  muscles 
18  attached.  They  are  consequently  smooth  and  even  on  that 
surface,  hut  posteriorly  are  accurately  moulded  to  the  inequalities 
of  the  ribs  and  intercostal  spaces  :  the  bosses  varying  iii  number 
from  four  to  seven  {Aptt  /yu )  or  eijjht  (Emeu). 

The  lungs  in  general  are  of  a  bright  red  colour,  and  of  a  loose 
spongy  texture.  The  hronehi,  fig.  85,  t;,  fig.  95,  a,  penetrate 
t£eir  mesial  and  anterior  sorfiuses  tixmt  one-fourth  fiom  tiie  upper 
extremities,  become  membranous,  dilate,  give  off  branches,  which 
diyeige  as  they  run  along  the  anterior  surface ;  and  the  trunk 

divides  into  the  two  which  open 
at  b,  b,  into  the  thoracte-ab- 
dominal  air-receptades.  These 
orifices  are  oblique,  and  are  par- 
tially coyered  by  a  sli^t  projec- 
tion of  membrane.  Some  cartila- 
ginous traces  an  found  through 
their  entire  extent. 

The  pulmonary  artery  divides, 
almost  immediately  after  its  ori- 
gin, into  two  branches,  one  to 
each  lung;  the  ramifications  of 
each  artery  form  plexuses,  fig^. 
96,  B,  which  chiefly  compose  the 
pulmonary  tisane:  the  pulmo- 
nary veins  leave  each  lung  by  a 
single  trunk,  and  the  two  trunks 
unite  into  one  before  terminating 
in  the  left  auricle. 
The  superficial  primary  branches 
A.  i-'^-^-^jj^^^o^^ '-^"'^  of  the  bronchi,  fig.  95,  c,  c,  send 

off  deeper-seated  secondary  ones, 
fig.  OG,  a,  n,  which  maintain  a  uniform  diameter  to  their  caecal 
terminations:  the  tertiary  bronchi,  ib.  distributed  penniformly, 
also  maintain  a  regular  diameter,  and  open  u])on  a  dense  laby- 
rinth of  blood-vessels,  ib.  w.  The  mucous  ciliated  lining  of  the 
bronchi  ceases  with  them ;  and  the  capillaries  of  the  pulmonary 
tissue  are  covered  only  by  a  hyaline  epithelium,  so  as  to  appear 
naked.'  The  ultimate  puhnonary  ca])illaries  do  not  form  a  net- 
work lining  definitely  bounded  air-cells,  but  each  capillary  crosses 
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an  air-space  of  its  own ;  they  interlace  in  every  direction^  forming 
a  cubic  mass  of  capillaries  permeated  everywhere  by  air.  In 
fig.  97,  a  is  the  cavity  of  a  bronchial  tube,  b  its  lining  mem* 
brane  supporting  blood-vessels  with  large  areola ;  c,  c,  perforations 
in  the  membrane  at  the  orifices  of  the  lobular  passages,  d^d:  e,  e, 
arc  interlobular  spaces  containing  the  terminal  branches  of  the 
pulmonary  vessels  supplying  the 
capillary  plexus,  /',  /.  to  the 
meshes  of  which  the  air  gets  ac* 
cess  by  the  lobular  passages. 

§  1.57.  Air-cells  of  Birds. — 
The  thoracic-abdominal  cavity  is 
subdivided  and  intersected  by  a 
number  of  mendjranes ;  the 
greater  part  of  the  cells  thus 
formed  are  filled  with  air.  The 
texture  of  their  parictes  pos- 
sesses considerable  tinuiu'ss  in 
the  larger  birds,  as  the  Ostrich 
and  Cassowarv. 

The  innermost  laver  of  the  air- 
receptacles  can  be  separated  from  the  outer  layer,  and  is  a  con- 
tinuation of  the  lining  menihrane  of  the  bronchial  tube  ;  the  outer 
layer  is  a  serous  mendirane,  and  appears  to  form  the  cells  by  a 
series  of  refiections  of  what  may  be  regarded  as  the  pleura  or 
peritoneum. 

These  large  membranous  receptacles,  into  which  the  extremi- 
ties of  the  bronchial  bifurcation  and  also  some  of  the  preceding 
branches  open,  are  disposed  with  sufficient  general  regularity  to 
admit  of  a  definite  <lesenption  and  nomenclature. 

The  first  or  intcrchn  irnlar  air-cell,  fig.  98,  a,  extends  from  the 
anterior  part  of  each  lung,  forward  to  the  interspace  of  the  fur- 
culum,  anterior  to  which  it  dilates  in  the  Gannet  and  many  other 
birds  into  a  large  globular  rceepta«'le.  In  the  Vultures  it  is 
divided  into  two  lateral  receptacles,  between  which  the  large  crop 
is  situated.  A  thin  fan-shaped  muscle  is  extended  from  the 
anterior  edge  of  the  furculum,  over  the  interclavicular  air-cell  in 
these  and  some  other  birds. 

The  auttrior  tliorncic  cell,  ib.  contains  the  lower  larynx  and 
bronchi,  and  the  great  vessels  with  their  j)rimary  luanches  to  the 
head  and  wings.  It  is  traversed  by  numerous  membranous  septa, 
which  connect  the  ditlerent  vessels  together,  and  maintain  them 
in  their  situations.    The  air  passes  into  the  posterior  part  of  this 
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receptacle  by  two  openings  at  the  anterior  part  of  the  lungs.  The 
deej)-seated  air-cells  of  the  neck  are  continued  from  it  anteriorly. 

The  lateral  thoracic  cells,  ib.  are  continued  on  each  side 
from  a  foramen  on  the  inner  edge  of  the  lung,  situated  just 
opposite  the  base  of  the  heart ;  they  are  covered  by  the  anterior 
thoracic  air-cell,  and  from  them  the  air  passes  into  the  a-riY- 

lary  and  subscapular  cells,  into 


98 


those  of  the 


wmg,  and  into 
the  humerus,  ib.  e.  They  also 
communicate  with  the  cellula 
cordis  posterior^  ib.  c,  behind 
the  heart  and  bronchi,  which 
cell  is  often  subdivided  into 
several  small  ones. 

The  cellulcB  hepaticcB  are  of 
much  larger  size ;  they  are  two 
in  number,  of  a  pyramidal 
figure,  with  their  bases  applied 
to  the  lateral  thoracic  cells,  and 
their  apices  reaching  to  the 
pelvis :  they  cover  the  lower 
portions  of  the  lungs  and  the 
lobes  of  the  liver  ;  they  receive 
air  from  several  foramina  situ- 
ated near  and  at  the  external 
edge  of  the  lungs. 

The  cellul<E  abdominales  com- 
mence  beneath  the  cellula;  hc- 
paticaj  at  the  inferior  extremity 
of  the  lungs,  where  the  longest 
branches  of  the  bronchial  open 
freely  into  them.  (A  bristle  is 
passed  through  one  of  these 
openings  in  the  figure.)  They 
are  distinguished  into  right  (A) 
and  left  {/)  :  the  former  is  ge- 
nerally the  largest  receptacle  in  the  body  ;  it  extends  from  the 
last  ribs  to  the  anus,  and  covers  the  greater  part  of  the  small  in- 
testines, the  suprarenal  gland,  and  kidney  of  the  same  side.  The 
left  abdominal  cell,  f,  contains  the  intestines  of  its  own  side,  and 
is  attached  to  the  gizzard.  In  some  large  Birds,  as  the  Gannet,  it 
is  separated  from  the  right  receptacle  by  a  mediastinal  membrane, 
g,  which  is  continued  on  from  the  gizzard  to  the  anus. 
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Both  the  ahilominal  receptacles  transmit  air  to  the  pelvn'  (•oll^;, 
t\  A,  of  their  respective  sides,  and  to  several  small  and  extremely 
delicate  cells  between  and  behind  the  coils  of  intestine.  One  of 
tlicsc  is  continued  round  the  fold  of  the  duodenum  and  pancreas 
to  the  gizzard,  and  has  been  termed  the  duodenal  cell. 

From  the  inguinal  cell  are  continued  the  intermuscular  gluteal 
and  femoral  cells,  which  surround  the  head  of  the  femur,  and 
ccmmiunicate  with  that  bone  by  an  npeitiire,  /,  situated  imme- 
diately anterior  to  the  great  trochanter,  except  in  those  Birds  in 
which  the  femur  retains  its  medulla. 

The  cervical  air-<^cl1s  are  continued  from  tlie  larjxe  clavicular 
cell,  and  form  in  the  Argala  and  liustard,  fig.  54,  a,  a  singular 
appendage  or  pouch,  cotitained  in  a  loose  fold  of  iutegumeut, 
which  the  bird  can  inflate  at  plen?urc. 

In  tlie  Pelican  and  Gannet  extensive  air-cells  arc  situated 
beneath  almost  the  n  holo  of  the  intcirnnieiit  of  the  bodv,  ^vlli^]l  is 
united  to  the  subjacent  muscles  only  here  and  there  by  the  septa 
of  the  eellfi  and  tlie  vessels  and  nerves  wliieli  are  supjxtrted  by  the 
septAin  their  passage  to  the  skin.  Tlie  iarj^e  jieetoral  nniscles  and 
those  of  the  thigh  ]>resrnt  a  singular  appearance,  being,  as  it  were, 
clenidv  dissected  on  every  side,  having  the  air-cavitics  al)t)ve  and 
beneath  tluni.  The  axillary  vessels  and  nerve>*  are  also  seen 
]iassiiig  bare  and  unsupported  by  any  surrounding  substance 
through  these  cavities.  Numerous  strijis  of  jxuiiiirulus  cnrnnms 
y\\<^  I'rom  various  |wirt8  of  the  surface  of  the  muscles  to  be  firmly 
attached  to  the  skin  ;  a  l>eaufilul  fan-bhaped  muscle  is  spread  over 
the  interebn  icular  or  f  ureular  air-cell.  The  use  of  these  rnuselcs 
appears  to  be  to  pnxluec  a  rapid  collapse  of  the  superfieial  air- 
cells,  and  an  expulsion  of  the  air,  when  the  bird  is  about  to  de- 
scend, in  order  to  increase  its  specific  gravity,  aud  enable  it  to 
dart  with  rapidity  u|Mjn  a  living  prey. 

Tlie  air-receptacles  of  the  thoracic-abdominal  cavity  present 
varieties  in  their  relati\<  i/.cs  and  modes  of  attachment  in  dif- 
ferent bird^v.  In  the  lid/'torrs  they  are  itrincljially  attached  pos- 
teriorly to  the  ribs,  the  diaphragnuitic  aponeurosis  covering  tlie 
lungs,  and  to  the  kidneys;  while  in  the  (irdJIntoirs  they  have 
anterior  attadunents  to  tlie  intestines  in  nniny  plarc^. 

The  singular  cxtetision  of  the  res])iratory  int*)  the  08se<ius 
system  was  di-covere<l  ahnosl  sinjultancously  by  Hunter  and 
Camper,  and  ably  investigated  by  them  thmuLdi  tlie  whole  class 
of  Birds.  The  air-cells  and  lungs  can  be  inilated  iVom  the  bones, 
and  Hunter  injected  the  medullary  cavities  of  tin-  l.oDes  IVom  the 
trachea.    If  the  femur  into  whicli  the  air  is  admitted  be  broken, 
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the  bird  is  unable  to  raise  itself  in  ilight.  If  the  trachea  be  tied, 
and  an  opening  be  made  into  the  humerus,  the  bird  will  respire 
by  that  opening  for  a  short  period,  and  may  be  killed  by  inhaling 
noxious  gases  through  it.  If  an  air-bone  of  a  living  bird,  simi- 
larly perforated,  be  held  in  water,  l)iibHle8  will  rise  from  it,  and  a 
motion  of  the  contained  air  will  be  exhibited,  synchronous  with 
the  motions  of  inspiration  and  expiration. 

The  proportion  in  which  the  skeleton  is  permeated  by  air 
varies  in  different  Birds.  In  the  A  Ira  impcmu's,  the  Penguins 
(^Aptenodytt's)  ami  the  Apfnyr,  air  is  not  admitted  into  any  of 
the  hours.  The  condition  of  the  osseous  system,  therefore,  which 
fall  birds  ])rescnt  at  the  early  periods  of  existence,  is  here  retained 
througli  life. 

In  the  large  Struthious  Birds,  which  are  remarkable  for  the 
rapidity  of  their  course,  the  thigh-bones  and  bones  of  the  pelvis, 
the  vertebral  column,  ribs,  sternum  and  scapular  arch,  tlie 
cranium  arid  lower  jaw,  have  all  air  admitted  into  their  cavities  or 
cancellous  structure.  In  the  Ostrich  the  humeri  and  other 
bones  of  the  wings,  the  tibia:  and  distal  bones  of  the  legs,  retain 
their  marrow.  Most  Birds  of  Flight  have  air  admitted  to  the 
humerus  :  the  Wootlcoek  and  Snipe  are  exceptions.  The  Pigeon 
tribe,  with  the  exce])tlon  of  the  Crown  Pigeon,  have  no  air  in  the 
fenuir,  which  retains  its  marroAV.  In  the  Owls  also  the  femur  is 
tilled  with  iiiai  row  ;  but  in  the  Diurnal  Dirds  of  l*rey,  us  in 
almost  all  other  Birds  of  Flight,  the  femur  is  filled  with  air.  In 
the  Pelican  and  Gannet  the  air  enters  all  the  bones  with  the 
exception  of  the  phalanges  of  the  toes.  In  the  Hornbill  even 
these  are  permeated  hy  air. 

Hunter  has  given  the  following  charaeteis  as  distinguishing  the 
bones  which  receive  air.  They  may  be  known — '  first,  by  their 
less  specific  gravity ;  secondly,  by  their  retaining  little  or  no  oil, 
and,  conscqucutly,  being  more  easily  cleaned,  and  when  cleaned, 
appearing  much  whiter  than  common  bones :  thirdly,  by  having 
no  marrow,  or  even  any  bloody  puljiy  substance  in  tiieir  cells; 
fonrthly,  by  not  being  in  general  so  hard  and  firm  as  other  bones ; 
and,  fifthly,  by  the  passage  that  allows  the  air  to  enter  the 
bones.*'  The  openings  by  which  the  air  penetrates  the  bones, 
may  be  readily  distinguished  in  the  recent  bone,  since  tbey  are 
not  filled  up  by  blood-vessels  or  nerves,  but  have  their  external 
edges  rounded  off. 

In  the  dorsal  vertebra;  the  air-orifices  are  small,  numerous,  and 
irregular;  situated  along  the  sides  of  the  bodies,  and  the  roots  of 
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the  Bpiuous  processes,  the  air  passes  into  them  directly  from  the 
lungs.  In  the  two  or  three  lower  cervncal  vertebne  the  air-holes 
are  in  the  same  situation,  but  receive  the  air  from  the  lower 
cervical  or  clavicular  air-cells :  in  the  remainder  of  these  vertebrae 
the  air-holes  are  situated  within  the  canal  lodging  the  vertebral 
artery,  and  communi&te  with  the  lateral  air-cells  of  the  neck. 

The  air-holes  of  the  vertebral  ribs  are  situated  at  the  internal 
surface  of  their  vertebral  extremities,  and  appear,  like  those  of 
the  oouiiguous  vertebrae,  to  have  an  immediate  communication 
with  the  lungs.  The  sternal  ribs  have  also  internal  cavities  which 
receive  air  ftx>m  the  lateral  thoracic  cells  hj  means  of  orifices 
placed  at  their  sternal  extremities. 

The  orifices  hj  which  air  is  admitted  to  the  sternum  are  iiu« 
.  merouB,  but  are  principally  situated  along  the  mesial  lins  of  the 
internal  surface,  opponte  the  origin  of  the  keel^  fi>rming  a  reticu- 
latioB  at  that  part;  the  laxgest  foramen  is  near  the  anterior  part 
of  the  bone ;  some  smaller  ones  occur  at  the  costal  margins.  All 
these  orifices  eommumcate  with  liie  thorade  air-reoeptaoles. 

The  scapula  is  perforated  hj  several  holes  at  the  articular  ex- 
tremity, which  admit  air  into  its  cancellous  structure  from  the 
axillary  cell.  The  coracoid  has  small  air-holes  at  both  extre- 
mities ;  the  hirgcst  is  situated  on  its  inner  surface,  where  it  is  con- 
nected with  the  clavicle  or  furculum.  The  furculum  receives  air 
principally  by  a  small  hole  in  the  inner  side  of  each  of  its  scapular 
extremities,  which  communicates  with  the  clavicular  air-celL 

The  air-hole  of  the  humerus  is  of  large  size,  and  ntuated  at  the 
anoonal  or  back  part  below  the  head  cf  the  bone,  in  the  hollow 
of  the  ulnar  or  inner  tuberosity.  It  communicates  with  the 
axillary  air^ell,  and  transmits  the  air  to  the  cavity  of  the  bone 
by  sevimd  cribriform  foramina. 

The  air-holes  of  the  pelvic  bones  are  situated  irregularly  on  the 
inner  surface  upon  which  the  kidneys  rest,  and  must  therefore 
recdve  air  from  continuations  of  the  abdominal  receptacles  around 
the  kidneys. 

A  depression  at  the  anterior  part  of  the  base  of  the  great 
trochanter  receives  air  from  the  glutieal  cell,  and  transmits  it  by 
several  small  foramina  into  the  interior  of  the  femur.  In  the 
Ostrich,  the  air-holes  are  situated  at  the  posterior  part  of  the  bone 
at  hoth  its  extremities. 

The  cavities  of  the  long  bones  into  which  air  is  thus  admitted 
are  proportionally  larger  than  in  the  corresponding  bones  of  Mam- 
malia,  and  are  characterised  by  small  transverse  osseous  columns 
which  cross  in  different  directions  from  side  to  side,  and  are  more 
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numeroas  near  the  extremities  of  tlie  bone  ;  they  abut  against  and 
strengthen,  like  cross-boams,  the  ])ariete.s  of  the  bone.  The 
membrane  lining  these  cavities,  i«5  not  very  vaseular. 

Tlic  lower  jaw  receives  its  air  by  an  orifice  sitii;itp<l  upon  each 
ramus  Ijehind  the  tymiianic  articuhition,  frtmi  an  air-cell  which 
gurroiinds  the  joint.  The  bones  of  the  cranium  and  upper  jaw 
receive  air  admitted  to  the  tynipanic  cavity  by  the  Kustachian 
tube,  not  from  the  nasal  ])Uf>sages.  W  ith  these,  however,  the 
subocular  air-cell  conuuunicates ;  and  in  the  Coot,  Water-hen, 
Goose,  and  other  water-birds,  entozoa  {Monostoma  mutulnle,  e.  g.) 
gain  access  to  that  air-cell. 

The  extension  from  the  lunge  of  continuous  air-receptacles 
throughout  the  body  is  subservient  to  tlie  function  of  respiration, 
not  only  by  a  change  in  the  blood  of  the  pulmonary  circulation 
effected  by  the  air  of  the  receptacles  uu  its  repassage  through  the 
bronchial  tubes;  but  also,  and  more  especially,  by  the  change 
which  the  \)U>in\  undergoes  in  the  capillaries  of  the  systemic  cir- 
culation, which  are  in  contact  with  the  air-receptacles.  The  free 
outlet  to  the  air  by  the  bronchial  tubes  docs  not,  therefore,  afford 
an  argument  against  the  use  of  the  air-cells  as  subsidiary  respi- 
ratory organs,  but  rather  supports  thai  opinion,  since  the  inlet  of 
atmospheric  oxygenated  air  to  be  diilused  over  the  body  muat  be 
equally  free. 

A  second  use  may  be  ascribed  to  the  air-cells  as  aiding  me- 
chanically the  actions  of  respiration  in  Birds.  During  the  act  of 
inspiration  the  sternum  is  depreflsed,  the  un^lc  between  the 
Tertebral  and  sternal  ribs  made  less  acute,  and  the  thoracic  cavity 
proportionally  enlarged  ;  the  air  then  rushes  into  the  lungs  and 
into  the  thoracic  receptacles^  while  those  of  the  abdomen  become 
flaccid :  when  the  sternum  is  raised  or  approximated  towards  the 
sfune,  part  of  the  air  is  expelled  from  the  lungs  and  thoracic  cells 
by  the  trachea,  and  part  driven  into  the  abdominal  receptacles, 
which  are  thus  alternately  enlarged  and  diminished  with  those  of 
the  thorax.  Hence  the  lungs,  notwithstanding  their  fixed  con** 
dition,  are  subject  to  due  compression  through  the  medium  of  the 
contiguous  air-receptacles,  and  are  affected  equally  and  regularly 
by  every  motion  of  the  sternum  and  ribs. 

A  third  use,  and  perhaps  the  one  which  is  most  closely  related 
to  the  peculiar  exigencies  of  the  bird,  is  that  of  rendering  the  whole 
body  specifically  lighter;  this  must  necessarily  follow  from  the 
desiccation  of  the  marrow  and  other  fluids  in  tliose  spaces  which 
are  occupied  by  the  air-cells,  and  by  the  rarefaction  of  the  con- 
tained air  from  the  heat  of  the  body. 
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Agreeably  to  this  view  of  the  function  of  the  air-cells,  it  is 
found  that  the  quantity  of  air  admitted  into  the  system  is  in  pro- 
portion to  the  rapidity  and  continuance  of  the  bird's  flight ;  and, 
where  it  is  limited,  the  air  is  distributed  to  those  members  which 
are  most  employed  in  locomotion ;  thus  the  air  is  admitted  into 
the  wing-bones  of  the  Owl,  but  not  into  the  fonur ;  while  in  the 
Ostrich  the  air  penetratos  the  femur,  but  not  the  humerus  or  other 
bones  of  the  wing. 

A  fourth  use  of  the  air-receptacles  relates  to  the  mechanical 
assistance  which  they  afford  to  the  muscles  of  the  wings.  This 
was  suggested  by  observing  that  an  inflation  of  the  airKsells  in  a 
Gigantic  Crane  {Ciconia  Argala)  was  followed  by  an  extension 
of  the  wings,  as  the  air  found  its  way  along  the  brachial  and  ante- 
brachial cells.  In  large  birds,  therefore,  which,  like  the  Argala, 
hover  with  a  sailing  motion  for  a  long-<sonttnued  period  in  the 
upper  regions  of  the  air,  the  muscular  exertion  of  keeping  the 
wings  outstretched  will  be  lessened  by  the  tendency  of  the  dis- 
tended air-cells  to  maintain  that  condition.  It  is  not  meant  to 
advance  thi^  as  other  than  a  secondary  and  probably  pardal 
service  of  the  air-cells.  In  the  same  light  may  be  regarded  the 
use  assigned  to  them  by  Hunter,  of  contributing  to  sustain  the 
song  of  Birds,  and  to  impart  to  it  tone  and  strength.  It  is  no 
argument  against  this  function  that  the  air-cells  exist  in  birds 
which  are  not  provided  with  the  mechanism  necessary  to  produce 
tuneful  notes;  since  it  was  not  pretended  that  this  was  the  ex- 
clusive and  only  ofiice  of  the  air-cells. 

§  158.  Air-p(ismge»  in  Birth, — The  air-passanres  in  Birds  com- 
mence by  a  simple  iuperiar  larynx,  from  which  a  lon^  trachea 
extends  to  the  anterior  aperture  of  the  thorax,  where  it  divides 
into  the  two  bronchiyon^  to  each  lung.  At  the  place  of  \is  divi- 
aion  there  exists,  in  most  birds,  a  complicated  mechanism  of  bones 
and  cartilages  moved  by  appropriate  muscles,  and  constituting  the 
true  organ  of  voice  :  this  part  is  termed  the  inferior  larynx. 

The  tendency  to  ossification,  which  is  exemplified  in  the  bony 
condition  of  the  sternal  ribs  and  tendons  of  the  muscles,  is  again 
manifested  in  the  framework  of  the  larynx  and  the  rings  of  the 
trachea,  which,  instead  of  being  cartilaginous,  as  in  Reptiles  and 
Mammals,  arc  in  most  birdi?  cfa  hoii  v  texture. 

The  superior  lan/nx,  figs.  73,  e — A,  99,  and  100,  is  situated  be- 
hind the  root  of  the  tongue,  and  rests  upon  the  urohyal,  fig,  73, 45, 
to  which  it  is  attached  by  dense  cellular  texture. 

It  is  eom}>osed  of  several  hmty  and  cartilaginous  pieces,  varying 
in  number  from  four  to  ten.    The  largest  of  these  pieces  constitutes 
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the  anterior  part  of  the  larynx.  It  is  of  an  oval  or  triangular 
form,  according  as  its  superior  termination  is  more  or  less  pointed, 
and  answers  to  the  thyroid  cartilage,  fig.  73,/.  The  cricoid  car- 
tilage is  represented  by  three  osseous  pieces^  whidi  are  situated  at 
the  posterior  and  inferior  part  of  the  upper  larynx ;  the  middle 
0065  fig.  73,  ff,  is  of  an  oblong  form,  and  varies  inside,  beino^  larger 
than  the  lateral  ones  in  the  AnatidcB,  but  smaller  in  tlie  Cantores, 
The  lateral  pieces  are  connected  at  one  extremity  with  the  thyroid 
piece,  and  at  the  other  to  the  middle  oblong  piece  above  described, 
wliic'h  completes  the  circle  of  the  Inryngeal  framework  posteriorly  : 
tlie  tirst  Urn  incomplete  tracheal  rings,  ib.  may  represent  the 
anterior  part  of  the  cricoid.  The  arytenoid  bones,  ib.  A,  rest  upon 
the  middle  oblong  portion  of  the  cricoid,  and  extend  forward, 
being  conTicctcd  at  their  outer  edge  by  means  of  elastic  cellular 
substance  to  the  thyroid,  and  attached  by  their  anterior  extremities 
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to  tlie  nrohjal  by  means  of  two  small  ligaments :  they  form,  by 
their  inner  margins,  the  rima  ghitidii  or  laryngeal  fissure. 

This  fissure,  fig.  51,  t,  being  thus  bounded  by  iuflexible  r^d 
substances,  is  only  susceptible  of  having  its  lateral  diameter  varied 
according  to  the  degrees  of  separation  or  approximation  to  which 
the  arytenoid  bones  are  subject  These  different  states  are  pro- 
duced by  appropriate  muscles,  one  pair  of  which  may  be  r^arded 
as  Tkyretharytenaideiy  and  the  other  may  be  termed  Constrictores 
glMdh,  The  former,  fig.  99,  A,  A,  arise  from  the  sides  and  posterior 
surface  of  the  thyroid,  and  are  inserted  into  the  whole  length  of  the 
inner  edge  of  the  arytenoids,  which  they  draw  outward,  and  conse- 
quently open  the  laryngeal  fissure.  The  Constrietores  ffietHdU  in 
tiie  Gigantic  Crane  arise  from  the  middle  of  the  internal  or  posterior 
surface  of  the  thyroid,  and  are  inserted  into  the  arytenoids :  they 
close  the  laryngeal  opening  with  such  accuracy  as  to  supersede  the 
necessity  of  an  epiglottis.   From  the  simplicity  of  the  structure 
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ju!«t  (loseril)e(l.  from  the  situation  of  the  Bupcrior  larynx  with  rela- 
tion to  the  rictus  or  ^ape  of  the  hill,  and  from  the  ahsence  of  lips 
by  whieh  this  might  he  j>artiallyor  entirely  closed,  it  is  phiiu  that 
it  cannot  l>e  considered  as  infUieneing  tlio  voice,  otherwise  than  by 
dividin<x  or  articulating  the  notes  after  they  are  formed  by  the 
lower  larynx.  Tlie  snperior  larynx  presents,  indeed,  but  few 
varieties  in  the  dift'erent  species  of  Birds:  and  these  relate  chiefly 
to  certain  tubercles  in  its  anterior,  whi*  li  \ary  in  number,  and  do 
not  exi?t  at  all  in  pome  species,  as  the  Sin_i  111^1  Birds  ;  being  chiefly 
present  in  those  hirds  which  have  a  rou«2;h  nnnuisical  voice.  In  the 
Pelican,  tlie  Ciigantic  Crane,  and  most  of  tire  Rrrsorrs,  a  process 
extends  backward  into  ilie  cavity  of  the  uj  i^er  larynx  from  the 
middle  of  the  posterior  surface  of  the  thyroid  cartilage,  and  Beems 
destined  to  give  additional  protection  to  the  air-passage. 

The  trnrhffi,  figs.  94,  G,  is  proportionally  longer,  in  conse- 
quence of  the  length  of  the  neck  in  Birds,  than  in  any  other  class 
of  animals,  its  length  being  further  increased  in  many  species  by 
convolutions  varying  \n  extent  and  complexity.  A  species  of 
Sloth  (  Bradt/pus  trifiarf  i/I If k)  nmoj\g  Mammals,  and  a  species  of 
( 'ro<«fMiil('  ( Crocodilus  nrutus)  among  Keptiles^  present  an  aoaio- 
ifuus  ioKliiii^  of  the  trachea. 

The  trachea  is  composed  in  Bird^  of  a  series  of  hony,  and  some- 
times, as  in  the  Oslrich,  of  cartilaginous  rings,  included  between 
two  memhranes.  In  those  cases  in  which  they  arc  of  a  hony 
structure,  the  ossification  is  observed  to  connnciice  at  the  anterior 
part  of  each  ring,  and  gradually  to  extend  on  both  sides  to  the 
t)pp<isite  jxirt. 

The  tracheal  rings,  whether  bony  or  cnrttlaginous,  are,  with 
the  exception  of  the  two  uppermost,  always  complete,  and  not,  m 
in  most  (juudrupeds,  where  the  windpipe  bears  a  different  relation 
to  the  organ  of  voice,  deficient  posteriorly.  They  difler  in  shape, 
being  sometimes  more  or  less  compressed.  They  are  generally  of 
uniform  l)reailth,  but  in  some  species  are  alternately  narrower  at 
certain  parts  uf  their  circumfVi  ence  and  broader  at  others,  and  in 
these  ca.^es  the  rings  are  geia  i  ally  closely  approximated  togetlter, 
and,  as  it  were,  locked  into  one  another.  This  strut  tare  is  most 
common  in  the  (tmluitorcsj  where  the  rings  ore  broadest  alternately 
on  the  rijihl  and  left  sides. 

AVith  respect  to  the  diameter  of  the  tracheal  rings,  this  may 
sometimes  be  pretty  uniform  throughout,  and  the  trachea  will  con- 
sequently be  cylindrical,  as  in  the  Cantorex^  the  GnilUitures  which 
have  a  shrill  voice,  the  females  of  the  Natutores^Mnk  most  Rapforr.'i 
and  Husoresi  or  the  rings  may  gradually  decrease  in  diameter, 
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forming  a  conical  tracliea,  as  in  tlie  Turkey,  the  Heron,  the  Buz- 
zard, tlie  Eagle,  the  Cormorant,  and  the  Gannet;  or  they  may  he- 
come  wider  by  degrees  to  the  middle  of  the  trachea,  and  afterwanl 
contract  again  to  the  inferior  larynx ;  or  lastly,  they  may  experience 
sudden  dilatations  for  a  short  extent  of  the  trachea ;  the  Golden-eve 
{ Anas  clanffula),  the  Velvet-duck  (  Anas  fusca)^  and  the  Merganser 
i^MerguM  serrator),  present  a  single  enlargement  of  this  kind,  in 
which  the  bonv  rings  are  entire,  and  of  the  same  texture  as  in  the 
rest  of  the  tii^o.  Tn  the  Golden-eye  the  trachea  is  four  times 
larger  at  the  dilatation  than  at  any  other  part.  In  the  Goosander 
(Mergus  merganser)^  the  trachea  presents  two  sudden  dilatation^; 
of  a  similar  structure  to  that  above  described.  The  trachea  of  the 
Kmeu  ( Dromaius  ater)  is  also  remarkable  for  a  sudden  dilatation, 
but  in  this  instance  the  cartilaginous  rings  do  not  preserve  their 
integrity  at  the  diluted  part,  but  are  wanting  poateriorlj,  where 
the  tube  iscom|)leted  by  the  expanded  membranes  only. 

With  regard  to  the  windings  of  the  windpipe,  in  an  Australian 
Snipe  {Rfij/nchfea  att. ^fruits),  the  convolutions,  which  are  short, 
are  external  to  the  chest,  between  the  skin  and  the  fore  part  of 
the  pectoral  muscles.  In  the  same  position  lie  the  long  double 
coils  of  the  windpipe  in  the  Semipalmate  Goose  {Anas  srmi-^ 
palmata\  and  the  long  single  fold  in  Ortalida  Parraqua,  In  the 
Crested  Pintado  {Numida  cristata),  the  apex  of  the  furculum 
forms  a  bony  cup  which  receives  a  loop  of  the  trachea.  In  the 
crestless  Guan  (Penelope  Mirail),  the  Demoiselle  (Grus  vir^)^ 
and  Stanley  Crane  (6?rM^  Stanlei/anus)^  the  trachea  forms  a  curve 
nnking  into  the  upper  and  fore  part  of  the  sternum.  In  the  com- 
mon Crane  (Grus  cinerea),  and  Scras>  Crane (^Grus  Antiffonr),  the 
keel  of  the  sternum  is  more  deeplv  hollowed  for  the  hKlnrnicnt  of 
more  extensive  coils  of  the  trachea.  In  the  male  wild  Swan 
(Cjfgnus  ferus)^  the  windpipe  dcfjcrihes  a  double  vertical  coil 
within  the  long  and  deep  keel  of  the  ^^ternum  :  in  Bewick's  Swan 
( Cyymts  Bewickii),  the  distal  part  of  the  coil  lies  horizontallj 
within  the  body  of  the  sternum :  the  entry  and  exit  of  the  intn^ 
sternal  coils  are  shown  in  fig.  1 01 . 

§  159.  Lower  Lart/nx  in  Birds. — The  main  or  essential  organ 
of  voice  is  situated  at  the  bifurcation  of  the  trachea,  ib.  into 
the  bronchi,  ib.  by  h ;  and  herein  mny  be  discerned  an  analogous 
relation  to  convenient  stowage,  which  the  position  of  the  mas- 
ticatory apparatus  shows :  fur  even  the  muscles  of  the  organ.* 
of  voice  and  the  bony  drum  of  the  larynx,  &c.,  are  brought 
beneath  the  centre  of  gravity,  at  the  base  of  the  neck,  not  accu- 
mulated at  its  anterior  extremity.    In  general  the  rings  of  the 
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bronchi  are  Incomplete.  In  the  King-Yulttire  the  entire  rings 
are  continued  a  little  way  along  the  bronchial  divisiona  of  the 
trachea,  without  any  modifications,  external  or  internal,  indicative 
of  a  laryngeal  structure.  The  same  may  be  seen  in  the  Ostrich, 
where  the  bronchi  are  provided  with  entire  slender  rings  rapidly 
diminishing  in  nze  as  the}  a[)proach  the  lungs:  but  the  terminal 
rings  of  the  trachea  are  thickened  and  protrude  outward,  forming 
a  cavity  on  each  side,  the 
lining  substance  of  which 
projects  into  the  area  of  the 
tube  above  the  conmience- 
ment  of  each  bronchus.* 

In  most  Birds  the  bron- 
chi, figs.  85,  r,  101,  b, 
are  straight,  compressed, 
and  easily  lacerable  tubes, 
strengthened  by  half-rings 
on  the  outer  side,  the  inner 
side  being  formed  by  a  mem- 
brane membrana  tynipani- 
formis  *).  Usually  the  bronchi  rapidly  contract  as  they  approach 
the  lungs. 

The  muscles  of  the  trachea  are  the '  stemo-tracheales,'  fig.  104, 
d,  a  long  pair,  arising  from  the  costal  processes  of  the  sternum  and 
converging  to  ascend  along  the  sides  of  the  windpipe.  To  these 
are  sometimes  added  a  second  pair  from  the  furculum,  called 
<  d^do-tracheales.'  In  Cursores  and  most  Batares  the  stemo- 
tracheales  alone  are  present  In  most  Raptaret  and  CfraUa^nres,  a 
muscle,  broncho-trachealis,  situated  on  each  side  of  the  lower  part 
of  the  trachea,  descends  to  be  inserted  into  the  first  or  second 
bronchial  half-ring :  in  Aleedo  and  CapHmulgui  it  descends  to  the 
third  half-ring ;  in  some  of  the  Owls  its  insertion  is  still  lower, 
and  the  degree  of  tension  of  the  tympaniform  membrane  will  be 
proportionidly  varied.  In  Cotopterut  eristaiui  an  azygos  muscle 
occupies  the  anterior  interspace  of  the  broncho-tracheales.' 

In  other  Vocal  Birds  there  is  a  double  glottis,  usually  produced 
by  a  bony  bar,  'pessulus,'  <os  transversale,*  fig.  102,  t,  which 
traverses  the  lower  end  of  the  trachea  from  before  backward:  it 
supports  a  thin  membrane  which  ascends  into  the  tracheal  area 
and,  terminating  there  by  a  free  concave  margin,  is  called  the 
*  membrana  semilunaris,'  ib.  h.  This  is  mottdevdoped  in  Singmg 
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Birds,  and,  being  vibratile,  forms  an  important  part  of  their  trilling 
vocal  apparatus.  The  air  passes  on  each  side  the  mcmbrana  t^etni- 
lunaris  and  its  sustaining  bone  to  and  from  tlie  bronchi  and  lungs. 
The  walls  of  the  lower  larynx  arc  formed  by  modified  rings  and 
ludf-riugs  of  the  end  of  the  trachea  and  beginning  of  the  bronchi. 

The  last  ring  of  the  trachea,  fi^.  103,  /, 
usually  expands  as  it  descends,  with  its  fore 
and  hind  parts  produced,  and  the  lower  lateral 
borders  concave :  the  extremities  of  the  pes- 
sulus,  fig.  102,  /,  abut  against  the  prt>dn<'o<l 
angles,  and  expand  to  be  there  connected, 
also,  with  the  fore  and  hind  ternii nation?  of 
the  first  half-rinix  of  the  bronclnis,  fi*:.  lO.'i, 
stren«^theniii«^  iuu\  clamping  together  the 
upper  parts  of  tlie  vocal  franicwurk.  The 
second  bronchia!  half-ring,  ib.  A,  is  flattened 
and  curved  with  the  convexity  outward, 
like  the  first,  but  is  more  moveable.  The 
third  half-ring,  ib.  c,  is  less  curved  and  fur- 
ther separated  from  the  second,  to  the  ex- 
tremities of  which  its  own  are  connected  by 
ligament,  and,  for  the  intervening  extent, 
by  membrane  ;  its  inner  surface  snp|)ort* 
the  fibrous  chord  or  fold  which  fornis  the  outer  lip  of  theglotii?^  of 
that  side  ;  it  is  susceptible  of  a  rotatory  movement  on  it.s  axl>,  and 

is  an  important  agent  in  the  moilulation  of 
the  voice.  All  the  above  ])arts,  t,  u,  A,  r, 
fig.  103,  are  bony.  The  broncliial  half- 
rinjjs  and  their  connecting  lijiaments  and 
membranes  form  the  outer  convex  wall  of 
the  tube  :  the  inner  wall  is  a  fiat  membrane, 
stretched  like  a  drum-head,  between  the 
extremities  of  the  half-rings,  and  attarhctl 
above  to  tlu*  cross-bar,  and  through  i\  to 
the  semilunar  membrane.  The  outer  |>art 
of  the  lower  tracheal  and  bronchial  ring^, 
being  cut  away  in  fig.  102,  exposes  the 
central  surface  of  the  '  memlirana  tynjjui- 
niformis,"  ^7,  with  its  upper  connexions  with 
the  cro98-bone  i,  and  the  'mcm!)rana  semilunaris,*  h.  Part  *»f 
the  peripheral  surface  of  the  tympaniform  membrane  is  seen  ia 
the  front  view  of  the  lower  larynx  aiul  bronchi,  fiir.  HM,  v ,  y- 
A  small  appendage  to  the  inner  nuurgin  of  the  hali-nng,  fi^. 
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103,  bf  makiDg  a  prominence  where  the  extiMiial  vocal  foltl  xn 
oontmoed  over  it,  in  the  starling,  thrush,  nightbgale,  &c,  has 
been  called  'aiytenoid  cartihigc/  from  its  analogy  to  thnt  of  the 
upper  larynx  of  Iklainmals.  The  proper  muscles  of  the  lower 
larynx,  as  seen  in  the  Raven, 
are  shown  in  fig.  104,  in  front 
Tiew  A,  and  side  view  b. 

The  muscle  answering  to 
the  '  trscheo-lateralis '  in  I 
Uteres  expands  toward  the 
lower  end  of  the  trachea  and 
divides  into  two  fiwcicoli 
which  diverge,  the  one,  /,  to 
the  fore,  the  other,  a,  to  the 
back  part  of  the  broDchus,  to 
he  inserted  into  the  oorre- 
spending  extremities  of  tlie 
third  half-ring,  Bf^  10#f 
The  lasciculiiSylig.  UM,  B,/,  i* 


A  SfvM, »        rmw  ¥t  tamer  Ifemu.  RATta. 


the  *  bronr}io-tnicheaU«  asi^l- 
cus  : '  the  fasciculus,  «r,  U  tha  \/ruts4:hiMn^^nadU  pritticos.  Beneath 
this  is  a  shorter  muscle,  ib,  the  hrtmtt\if^tm^tJeidm  Wevis,  which 
is  inserted  into  the  posterior  end  of  the  leeood  bronchial  half- 
ring. 

The  remaining  two  muscles  are  enlarged  diviM<;n>f  nr  (iill'<  r<'r^ 
tiated  fasciculi  of  the  common  laryngeal  muscle  ( K<')ilkopfiiiU2!k<J, 
Miiller')  of  Voiitores:  the  '  bronchial  is  posticut;/  ih.  e,  arising 
from  the  lower  and  lateral  border  of  the  lui^t  trarh<?al  ring,  sweils 
into  a  *  venter,'  and  contracts  as  it  passes  backward  to  be  inserted 
into  the  hinder  end  of  the  second  half-ring.  The  *  hronchiAlli 
anticus,'  ib.  e,  is  partly  covered  by  the  *  broncho-traohealix  anticus,* 
and  is  thick  and  ventricosc:  it  arises  from  the  last  tracheal  ring 
aiul  passes  forward  to  its  insertion  into  the  fore  ends  of  the  first 
and  second  half-rings  and  into  the  supplemental  (arytenoid)  car- 
tilage. 

All  the  foregoing  muscles  tend  to  tighten  the  whole  or  parts  of 
the  tympanifonn  membrane  which  is  below  their  points  of  inser- 
tion, and  to  relax  the  ]>art  above  the  insertion.  They  lengthen 
the  part  of  the  bronchus  below  or  beyond  their  insertion  and 
shorten  the  part  above,  by  approximating  to  the  trachea  the  half- 
rings  they  are  attached  to.   The  chief  antagonistic  power  is  the 
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elasticity  of  the  membranes  80  put  on  the  stretch  :  but  tlicro  is  a 
direct  *reh\xor'  of  the*  tympaniform  nuMnbranc  in  tlic  ^sterno- 
trachcalis/  il).  r/,  wliir  h,  passing  from  the  side  of  the  trachea  to  the 
sternum,  nhortcns  the  whole  bronchus  a-?  it  drawa  down  the  wliul- 
pi|ve.  This  is  the  most  constant  of  all  the  muscles  affecting  the 
lower  larynx.  It  is  reckoned  by  Savart  as  tlie  sixth  pair  of  vocal 
muscles,  but  not  by  Cuvier,  since  it  is  not  directly  attached  to 
any  part  of  the  lower  larynx,  and  exists  in  r>irds.  us,  e.g.,  the 
Vulture  and  Ostrich,  in  which  that  larynx  is  not  f1p\ eloped. 

The  manifold  ways  and  degrees  in  which  the  >eveml  parts  <»f 
the  complex  vocal  organ  in  Cantores  may  be  affected,  each  of  the 
principal  bony  hrdf-rings,  as  one  or  other  end  may  be  pulled,  being 
made  to  perfbmi  a  slight  rotatory  motion,  are  incalculable:  but 
their  effects  are  delightfully  aj)j)recial)le  by  the  rnpt  listener  to 
the  singidarly  varied  kind  and  quality  of  notes  trilled  forth  in  tho 
stillness  of  gloom  by  the  Nightingale. 

In  many  of  the   I  'oliton^'i  there  is  a  single  pair  of  *  broncho- 
trarlu  ales,' and  a  single  paii' of  short  ventricose  *  brunehiales.*  In 
ThtuiUiophil ifs  each  sterno-trachealis  bifurcates  to  send  a  small  strip 
to  the  lower  larynx,  and  the  rest  to  the  side  of  the  trachea,  u.s 
usual.     In  Fiiniaria  the  sterno-trachealis  is  inserted  into  the 
upper  end  of  a  long  appendage  to  the  upper  bronchial  half-ring. 
The  Parrot  tribe  have  a  single  glottis  bounded  by  a  lateral  j)air 
of  vibratile  membranes ;  each  membrane,  connecting 
IM       together,  and  occupying  the  intersjiace  between,  the 
last  tracheal  and  first  bronehial  half-rings.  These 
have  each  one  margin  concave,  with  the  concavity 
turned  towards  each  other,  and  are  moveablj  joined 
together  at  their  fore  and  hind  extremities.  These 
half-rings  expand,  and  stand  out  from  the  end  of  the 
trachea.  A  narrow  muscle, '  tensor  longus  glottidis, 
fig.  105,  a,  passes  from  the  side  of  the  trachea  to  the 
upper  (tracheal)  half-ring ;  and,  bj  raising  it,  makes 
tense  the  elliptical  elastic  membrane :  a  broader  ^  ten- 
ta!!!.'^.'  flor  brevis  glottidis,'  ib.  b,  passes  from  the  lower  rings 
of  the  trachea  to  the  some  half-ring,  diverging  to 
its  extremities :  a  third  narrow  muscle  passes  from  the  tracheal 
to  the  bronchial  half'zings,  ib.  c,  and,  by  a])proximating  them, 
reUxes  the  membrane  occupying  the  elliptical  interspace.  These 
membranes,  projecting  on  each  side  into  or  below  the  termi- 
nation of  the  air-tube,  leave  a  narrow  chink  between  them, 
through  which  the  air  passes  to  and  from  the  lungs;  and  when, 
in  forcible  expiration,  the  membranes  are  put  into  a  sufficient 
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state  of  tension,  they  vibrate,  and  the  vocal  air  is  driven  along 
the  trachea  through  the  upper  larynx,  where  some  mwlification 
of  sound  may  be  made.    The  tongue  of  the  PaiTot  is  more  fleshy 
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than  in  most  Birds.  These  structures,  concomitant  with  the 
single  glottis  and  pair  of  vocal  folds  in  the  lower  or  true  larynx, 
relate  to  the  faculty,  so  remarkable 
in  these  singular  birds,  of  imitating 
human  speech. 

In  the  males  of  the  Mergansers 
and  of  most  Ducks  a  certain  number 
of  the  terminal  rings  of  the  trachea 
are  welded  together  and  expanded 
into  an  irregular  bony  case,  divided 
into  two  unequal  cavities.  In  tlie 
Meryus  serrator,  fig.  106,  the  broad 
*  pessulus,'?,  leaves  a  passage  at  its 
upper  part,  />,  by  which  the  air  from 
the  right  bronchus,/",  can  pass  to  and 
from  the  trachea,  e :  part  of  the  outer 
wall  of  the  right  laryngeal  chamber 
is  formed  by  membrane,  h :  this 
chamber  is  extended  by  the  osseous 
cavity,  ff.  A  similar  but  somewhat 
more  complex  lower  larynx  exists  in  the  male  Anns  clnngula. 
These  modifications  relate  to  the  ix)wer  rather  than  to  the  variety 
of  the  voice. 
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(  A'tfii'-f*  BirdA^ — Tilt  uriaarr  ezcretiaL  ^ear^  ir»- 
1  la*^  lifT  it  t'li^  lilrc :  ub'jm  tbe  liiird  dsv  of  incntsxiaL  a  «nr> 

\ji3^jiiixiii  bexi^dccii  ti«tr  TtTU-lirik]  f.'c*JiniiiL.  no  nmnf^venwejr  i 
a  x'Mi'^'" ca&aL  i*<.  wkivL  cf.nrrcnrf  -ajr  cxeppiuil  ii  xfc* 
<;l'jticau  Tu»^  un  tbe  priaorduJ  cir  trmnfihorr  kiaiir}P&.  li^uK 
tL«iii  ►u''>o*r'ju<:'L-:)T  ajipev  tLe  feeouudarr  arperaaBoc  kidnrr-v  c. 
«,  v^eiiiex  » iii*  lilt  ^f'jjiMl  giaudi--  i'ju     sad  adreiiai&.  it*,  t.  Tie 

yrt/yv  ducte  of  iLe  ^dney^  or  urrifrv.  f*. 
^.  fi'li'.rw  tbe  mnaoBMUtst  of  ^ 


rexxaJ  tif ^ue.  aad  liik  jtroaeti^  ir  is  6*- 
r«rl  'p€SDtnDt^  the  pnmarfial  p>iaald^ 


'.T  rield  up  tbeir  dnrt  and  a 
ti-^ue  to  fr.AiD  iLe  ejAdidvmi§  &nd 
iij  the  male. 

In  tiie  manxre  bird  tlie 
fym'^lfi^f  fjf  the  kidneTl^.  m 
or  le-!-  iuc/mpleTe  urinarr 

Ai?  in  Hej/tile«  the  kSdner  k 
from  that  of  the  Mammal  br 
of  iti!  gu>>«tance,  which  i«  not 
cortical  and  medullary  part,  and  br  tW  tabal 
uriniferi  extending  to  the  Rirface  ti>e 
there  to  form  bv  reiterated  unions  tbe  nrfWf. 
arul  not  terminating  in  a  cavitv  or  pelri»  it 
the  int/Tior  of  the  kidney,  from  which  the  ureter  com2Ba»ce&. 

The  kidnft/if  fig.  85,  X,  are  two  in  number,  of  an  elot^^ateii 
form,  fMjnifiiencing  immediately  below  the  lungs,  and  exten&f 
along  the  HideM  of  the  Kpine  a«  far  as  the  termination  of  the  rectim: 
in  which  cournc  they  are  impacted  in,  and  a«  it  were  moulded  to. 
the  cavities  and  depre»«ion«  of  the  j)elvis.  From  this  fixed 
dition  it  rexultii  that  they  arc  generally  8ymmetrical  in  pi^tit^* 
not  jilaf'cd  <ine  higher  than  the  other,  as  in  the  Manmialia.  Tb« 
|K>Htcrior  surface  of  the  kidney  prcsente  inequalities  correspoodin^ 
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to  the  risings  and  depresdons  of  the  pdvu ;  the  anterior  surface  is 
smoothly  oonvez  or  flattened;  but  rising  into  a  series  of  promi- 
nences which  correspond,  not  to  the  eminences^  but  to  the  cavities 
of  the  bones  on  which  they  rest ;  their  inner  or  mesial  side  is 
generally  pretty  regular  and  straight,  but  the  external  edge  is 
more  or  less  notched.  They  are  reUtively  laiger  than  in  most 
Mammals ;  resembling  in  this  respect  the  kidneys  of  Whales  and 
of  the  cold-blooded  Ovipara,,  where  there  is  no  perspiration  from 
the  skin. 

The  kidneys  vary  in  size  in  different  birds^  being>  for  example, 
smaller  in  most  of  the  GraUatore*^  as  the  Bustard  and  Heron^ 
where  the  pelvis  is  short,  than  in  the  Basortal  Order,  in  which  it 
is  of  great  extent.  Where  they  are  short  they  are  in  general 
more  prominent,  and  this  is  so  remarkable  in  some  Birds,  as  the 
Owls,  that  in  them  they  resemble  somewhat  in  their  superficial 
position  the  kidneys  of  Mammals. 

As  might  be  expected  from  their  relations  to  the  pelvis,  the 
kidneys  in  Birds  present  as  many  varieties  of  outward  configuration 
as  there  are  differences  in  the  part  of  the  skeleton  to  which  they 
are  moulded.  In  some  Aquatic  Birds,  as  the  Grebe  (Podieeps)  and 
the  Coot  (^tt/tca),  the  kidneys  are  more  or  less  blended  together 
at  their  lower  extremities,  as  in  most  Fishes :  in  Colymiut  the 
extent  of  the  union  is  greater ;  in  Ffataka  they  have  been  observed 
to  be  joined  by  a  middle  band*  In  the  rest  of  the  class  they  are 
distinct  from  one  another. 

The  principal  lobes  are  in  general  three  in  number :  the  anterior 
or  highest  one  is,  in  some  cases,  the  largest;  while  in  others, 
as  the  Pelican,  the  contrary  obtains,  the  lowest  division  being 
most  developed  in  this  bird.  In  the  Tem  each  kidney  is  divided 
by  fissures  into  seven  or  eight  square-ehaped  lobes :  in  the  Ea^le 
they  each  present  fi>ur  divisions ;  but  in  these  cases  there  are  not 
distinct  ureters  to  each  lobe  as  in  the  subdivided  kidneys  of 
Mammals.  In  the  Emeu  {Dnnnmus  ater)  the  kidney  presents  only 
two  lobes ;  the  superior  or  anterior  one  is  the  broadest  and  most 
prominent,  being  of  a  rounded  figure,  and  constituting  one-third  of 
the  whole ;  the  lower  division  is  flattened,  and  gradually  tapers  to 
a  pcnnt.  In  one  specimen  I  found  the  left  kidney  hidf  an  inch 
longer  than  the  right  In  the  small  Cantares  the  exposed  super- 
ficies  of  the  kidney  is  rarely  lobular. 

Each  kidney  is  invested  by  its  proper  capsule,  a  thin  membrane, 
which  also  extends  into  the  substance  of  the  gland,  between  its 
divisions:  a  layer  of  peritoneum  is  reflected  over  their  anterior 
surfaces. 
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The  texture  of  the  kidneys  is  much  more  frail  than  in  Mammalia, 
readily  yielding  under  the  pressure  of  the  finger,  to  which  they 
give  a  granukr  sensation  as  their  substance  is  torn  asunder* 

In  colour  they  resemble  the  human  spleen.  Besides  bein^ 
divided  into  lobes,  the  surface  of  the  kidneys  may  be  observed  to 
be  composed  of  innumerable  small  lobules,  separated  by  continttoua 
gyrations  like  the  convolutions  of  the  cerebral  substance. 

The  tubuU  uriniferi  originate  from  every  part  of  the  internal 
substance  of  the  lobules,  extending  to  the  gyrations,  uniting  in  the 
pinnatifid  form,  and  coursing  to  the  margins  of  the  lobules,  all  the 
inflexions  of  which  they  follow.  The  ])innatifid  ramification  of 
the  uriniferous  tubules  is  sometimes  '  oitposite,'  sometimes  'alter- 
nate,' sometimes  the  branches  are  simple,  sometimes  dichotomously 
divided ;  but  these  ramuli  appear  scarcely  smaller  than  the  branches 
from  whidi  they  spring,  and  never  intercoamiunicat&'  The 
uriniferous  ducts  from  the  convoluted  lobules  unite  dichotomously, 
and  ultimately  escape  by  a  single  duct — the  ureter. 

The  artmes  and  veins  of  the  kidneys  have  already  been  described. 
Where  the  entire  stream  of  the  venous  blood  is  not  sent  to  the 
lungs,  but  part  is  diverted  to  the  arterial  system,  then  also  a  portion 
of  the  venous  blood  circulates  through  the  kidneys  before  it  reaches 
the  heart;  but  in  Birds,  where  not  only  the  whole  venous  current 
is  sent  to  the  lungs,  but  with  peculiar  energy  and  firequency,  such 
vicarious  office  of  removing  effete  particles  directly  firom  the  venous 
blood  is  not  required.  A  certain  retention  of  the  oviparous  tyj)c 
in  the  apparent  entry  of  veins  into  the  lower  ends  of  the  kidneys 
is  shown,  but  a  reniportal  vein  does  not  exist:  the  connection  of 
the  lower  veins  coming  from  the  kidneys  with  tlie  iliaco-mesen- 
teric  is  of  such  a  kind  that  the  renal  venous  blood  may  flow  to 
the  portal  system  of  the  liver  when  that  system  and  digestion  arc  ut 
work ;  or  it  may  flow  by  the  upper  emulgent  veins  to  the  inferior 
cava  and  so  to  the  lungs,  when  respiration  is  unusually  active. 

The  ureter,  figa.  85,  108,  h,  is  continued  down  along  the 
anterior  sui*face  of  the  kidney  toward  the  mesial  side  ;  here  and 
there  imbedded  in  its  substance,  fonning  a  series  of  dilutationji 
corresponding  to  the  priuoipal  lubes  or  enlarp^ements  of  the  gland, 
and  receiving  the  branches  of  the  tubuli  iirinil'eri  as  it  passes 
along.  Below  the  kidney  the  ureters  pass  behind  the  rectum, 
becoming  connected  to,  and  after  a  short  distance  in^ olvcd  in,  its 
coats;  they  iiitiniately  terminate  upon  valvular  eminences  in  a 
depression  at  the  lower  pan  of  the  urinary  sac,  ib.  d ;  the  terminal 
papilla)  of  the  ureters  are  situated  with  the  orifices  of  the  gciiital 
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dncts,  in  the  same  segment  of  the  cloaca,  which  is  therefore  termed 
tJie  urogenital  cavity,  fip^.  109,^. 

The  space  intervening  between  the  urogenital  caA  ity  and  the 
valvular  termination  of  the  rectum,  ib.  c,  forms  a  cavity  more  or 
less  developed  in  tliffcrent  Birds, 
but  always  distinct  in  the  smooth- 
ness of  its  lininj;  menil<rane  from 
the  rectum,  which  has  a  more 
vascular  and  villous  internal  tu- 
nic. The  Birds  in  which  this 
rudiniental  urinary  bladder  pre- 
sents the  largest  caj)acity  arc  the 
Owls,  many  of  the  Aquatic  Birds, 
a*?  the  Pelican,  Willock,  (Jreljc, 
Swan,  &c. ;  some  ol'  the  ^^'ading 
Order,  as  the  Bittern  and  I>ns- 
tard,  but  more  esj)ecially  tlie  ( )s- 
trich,  among  the  Ciirsorr-f,  in 
which  the  urinary  receptacle  is 
represcutcd  as  laid  open  at  d,  iig. 
109. 

§  Ifil.  Adn  nals  of  Jiinb. — The  adrenals,  f/,  r/,  tigs.  1 17, 127,  are 
small  Ixulies,  usually  of  a  bright  yellow  ct)h)ur,  situated  on  the 
mesial  or  inner  side  «>f  the  superior  extremities  of  the  kidneys; 
closely  attached  to  the  coats  of  the  contiguous  large  veins  and  in 
contact  with  the  testes  in  the  male ;  and  the  left  one  adhering  to 
the  ovary  in  the  lemale.  They  vary  in  shaj>e,  being  sometimes  of 
a  round,  flattened,  oval,  or  irregularly  triangular  ligure.  They  are 
proportinjially  snialler  than  in  Manunals,  being  in  the  Goose  each 
about  the        of  a  pea.     They  are  sometiuu's  ctmHuent, 

They  j)r«'>'ent,  like  the  kidneys,  a  homogeneous  texture  through- 
out, and  do  not  exhibit  the  alternate  strata  of  ditierent-coloured 
substances  as  in  Manunalia.  In  the  Gitrantic  Crane  we  found  the 
texture  of  the  suprarenal  glands  to  be  coarsely  fibrous;  in  the 
Ilornbill  they  were  gramdar,  similar  to  the  kidney;  in  the  Pelican 
they  were  of  a  granular  but  more  ]>ulpy  texture. 

There  is  no  cavity  in  the  suprarenal  glands.  The  veins  which 
return  the  blood  from  them  arc  of  proportionally  large  size,  as  in 
all  the  parenchymatous  bodies  without  excretory  ducts.  The 
HUprarenal  glands  have  been  foun<l  to  present  a  slight  enlargement 
corresponding  with  the  increased  tlevelopcnient  ol'the  sexual  organs. 
Their  relative  size  and  position  to  the  testes  in  the  male  embryo 
are  shown  at /,  fig.  108. 
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§  162.  Splren  of  Birds. — The  spleen,  fiprs.  85,  87,  s,  is  com- 
paratively ui*  small  size  iu  Bird^;  it  is  <xeth  rallv  of  a  round  or 
oval  figure,  but  sometimes  presents  an  ciuTi«,riited  imd  vermiform 
6liape>  as  in  the  Sea-Gull,  or  is  broad  and  flat  as  in  the  Cormo- 
rant. It  is  situated  beneath  the  liver,  on  the  right  side  of  the 
proventriculus.  It  ib,  however,  somewhat  loosely  connected  to 
the  surrounding  parts,  so  that  its  position  has  been  diflPcrently 
described  by  different  authors.  A  process  of  the  pancreas  com- 
mosly  passes  into  close  contact^  and  is  connected  witli  the  spleen 
by  a  continuation  of  vessels,  as  in  the  IlombiU,  fig.  87,  ^,  The 
texture  of  the  spleen  is  closer  in  Birds  than  in  Mammals ;  but  a 
minute  examination  proves  that  the  blood  of  the  splenic  artery  is 
ultimately  deposited  in  cells,  from  which  the  splenic  veins  arise. 
These  veins  in  the  Swan  and  some  other  Lamellirostres  form  a 
network  on  the  exterior  surface  of  the  spleen^  as  in  the  Ghelonian 
Reptiles. 

In  many  Birds,  as  e.g.  ViJtures,  Falcons,  the  Starling,  Magpie, 
Heron,  Bustard,  and  in  most  Aquatic  Birds,  two  small  bodies  are 
found,  one  on  each  side  of  the  trachea,  very  near  the  lower  larynx 
and  frequently  attached  to  the  jugular  veins.  They  may  be  homo- 
logues  of  the  *  thyroid  gland.*  In  addition  to  these  there  are  two 
similar  bodies,  in  the  Gannct,  attached  to  the  upper  part  of  the 
omnmenoement  of  each  bronchus. 

§  163.  Peculiar  Secretiona, — The  unctuous  fluid  ^vitli  which  Birds 
lubricate  their  feathers  is  secreted  by  a  gland  situated  above  the 
coccyx  or  uropyginm.  This  gland  consists  of  two  lateral  moieties 
conjoined.  As  might  be  expected,  it  is  largest  in  the  birds  which 
frequent  the  water.  In  the  Swan  it  is  an  inch  and  a  half  in  length, 
and  has  a  central  cavity,  which  serves  as  a  receptacle  for  the  accu- 
mulated  secretion.  Each  lateral  portion  is  of  a  pyriform  shape, 
and  they  are  conjoined  at  the  apices,  which  are  directed  backwwd, 
and  are  perforated  by  numerous  orifices,  encircled  in  some  birds 
by  a  crown  of  feathers.  The  longitudinal  oentral  cavities  present 
numerous  angular  openings,  in  which  there  are  still  smaller  ori- 
fices of  the  secerning  follicles.  These  consist  of  dose-set  almost 
parallel  straight  tubules,  extending  to  the  superficies  of  the  gland, 
without  ramifying  or  intercommunicating,  and  preserving  an 
equable  diameter  to  iheir  blind  extremities.  The  tubules  are 
longest  at  the  thickest  part  of  the  gland,  and  become  shorter  and 
shorter  towards  the  apex. 

The  foUides  to  which  is  due  the  peculiar  odour  of  certain  birds, 
as  e.  g.  the  Hoopoe,  Muscovy  Duck,  Black  Vulture,  Stc,  are  pro- 
bably somewhat  diffused  on  parts  of  the  integument. 
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CHAPTER  XXIL 

TEGUMENTAUY  SYSTEM  OF  BIRDS. 

{164.  CcmpositUm  of  the  TeffumetU. — This  in  composed,  as  in 
MammaHa  and  Reptilia,  of  the  corium  or  derm,  the  epidenn  and 
ita  appendages,  and  an  intermediate  lajer  of  unhardened  epiderm 
with  colouring  matter,  called  *  rete  mucoaum.' 

The  cm'tfiR,  or  true  ekin,  is  very  thin  and  lacerablc,  but  Tasoular. 
In  some  Birds  it  adheres  to  the  subcutaneous  muscles  by  cellular 
tissue,  which  is  firequently  the  seat  of  accumulation  of  dense 
yellow  fat  In  the  Penguin  the  layer  of  subcutaneous  ceUular 
tissue  adheres  to  the  oorium,  but  is  separated  from  the  muscles, 
and  has  a  smooth  internal  surface:  long  vessels,  like  threads, 
connect  this  layer  to  the  muscles.  The  sldn  is  moved  by  muscles 
which  at  the  same  time  raise  and  ruffle  the  plumage  which  it 
supports.  In  most  Birds  the  skin  is  more  or  less  separated  from  the 
muscles  of  the  trunk  by  the  interposed  air-cells ;  as  in  the  Batrar 
chians  it  is  by  the  lymph  receptacles.  It  adheres,  however,  to  a 
larger  proportion  of  the  osseous  system  than  in  other  classes ;  as, 
e.  g.,  to  the  upper  and  lower  jaws,  the  feet  and  part  of  the  tibiie, 
the  pinion  bones.  The  corium  has  extensions  beyond  the  covering 
of  the  body,  to  fonn  the  webs  for  swimming  and  the  broader  folds 
at  the  azi]]»  and  bend  of  the  arm  for  flight;  it  developes  the 
papillfB  beneath  the  toes,  the  vascular  comb  and  wattles  of  the 
Cock,  the  caruncle  and  pendent  ornaments  of  the  Turkey,  &o. 

The  mucosum  rarely  contains  any  colouring  matter  where 
the  feathers  grow ;  at  this  part  the  skin  is  of  a  pale  greyish  colour, 
or  pink,  from  the  colour  of  the  blood  which  circulates  in  it  But 
in  the  naked  parts  of  the  integument,  as  the  cire,  the  lore,  the 
comb,  the  wattles,  the  naked  parts  of  the  head  and  neck  in  some 
Birds,  and  the  tarsi  and  toes,  the  rete  roucosum  frequently  glows 
with  die  richest  crimson,  orange,  purple,  green,  black,  and  a  variety 
of  other  tints,  of  which  the  phnehe»  eoloriees  and  the  different 
zoological  monographs  of  geographical  groups  and  families  of  Birds 
afford  numerous  examples.' 

'  Amongst  tlieae  merit  highest  uienttou  the  wurks  of  our  couQtrjman  Goull*  on 
the  BMt  of  Atittnlis,  Snrope,  Aiia.  Oieat  Brittin,  Ac;  tnd  hit  magnUiceDt  inoiio- 
gispkt  en  die  H«iiiBiiiig*BMt|  Trafonti  aad  Tououu. 
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The  epiderm  is  in  some  places  oontinued  as  a  simple  layer  over 
the  eorium^  foUowing  its  wrinkles  and  folds,  as  around  the  naked 
necks  of  some  Vultures.  It  is  moulded  upon  the  bony  mandibles 
to  foiin  the  beak»  and  in  some  Birds  adheres  to  osseous  pro- 
taberances  on  the  cranium,  where  it  forms  a  species  of  horn;  and 
it  is  remarkable  that  these  instances  occur  chiefly  in  those  orders  of 
Birds,  the  Cunwet  and  JUuares,  which  are  most  analogous  to  the 
Buminantia  among  quadrupeds  t  the  Cassowary  and  Helmeted 
Curassow  are  examples.  The  Hombills  are,  however,  instances 
in  the  Yolitmial,  and  the  Kamichi  in  the  Gralktorial  Order.  The 
cuticle  is  sometimes  developed  into  spines  or  spurs,  as  upon  the 
wing  of  the  Snake  Vulture,  Cassowary,  Falamedea  ;  and  upon  the 

leg  of  many  Gallinaceous  Birds* 
The  claws  which  sheath  the 
ungniul  phalanges  of  the  feet 
assume  various  I'ornis  adapted  to 
the  habits  and  manner  of  life  of 
ihe  different  orders.  A  remark- 
able artificial  form  is  given  to  the 
claw  of  the  middle  toe  in  certain 
Birds  ;  the  inner  edge  being  pro- 
duced and  divided  into  small 
parallel  processes  like  the  close- 
set  teeth  of  a  comb,  fig.  110. 
These  teeth  are  not  reflected  or 
recurved,  as  they  might  be  ox- 
pected  to  be,  if  they  had  been  intended  to  serve  as  holders  oi  a 
slippery  prey,  but  are  citiier  placed  at  right  angles  to  the  claw  or 
are  inclined  towards  its  point*  The  Common  Barn-Owl  ( Strix 
Jlavtnuui)y  the  Kight-jar  genus  {Cnpriniulgus)^  the  Heron  and 
Bittern  kind  (ArdeidcB,  Vig.),  aft'nrd  examples  of  this  structure; 
and  as  each  species  of  bird  appears  to  ]>o  infested  by  its  peculiar 
louse  (iWrm ma),  the  solution  of  the  final  intention  of  so  singular  a 
contrivance,  which  is  limited  to  so  few  sj>ecics,  and  these  of  such 
diffcieiit  habit?,  may  yet  be  afforded  by  the  entomologists 

With  respect  to  the  scales  which  defend  the  naked  parts  of  the 
legs  of  birds,  they  do  not  differ  from  those  of  Reptiles.  Their 
form  and  disposition,  as  has  been  already  observed,  have  afforded 
distinctive  characters  to  the  zoologist.  In  most  of  the  Raptorcs, 
the  PsiffacidfP,  the  Bfi'^orrs,  the  Grallaiorcs,  and  the  fa  for/- s,  the 
scales  are  j>o]ygonal,  small,  and  disposed  in  a  reticulate  fonu  ;  the 
birds  so  characterised  fonued  the  Retipcdcs;  of  Scopoli.  In  the 
rest  of  the  class  the  tarsi  are  covered  anteriorly  with  unequal 
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-scini-aaimlar  scales,  ending  on  each  side  iu  a  longitudinal  farrow, 
and  these  birds  he  termed  the  Srufiprdrs.  In  one  section  of  tho 
Tyranniy  C'uv.,  the  scuta  surround  the  tarsi  as  complete  rings. 
Where  the  carneons  itirr-  of  the  muscles  are  continued  low  down 
upon  the  legs,  as  in  iho  Owls,  a  covering  uf  feathers  is  co-extended 
to  preserve  their  temperature. 

§  165.  Appendages  of  the  Tegument. —  The  Vertebrate  classes 
have  each  their  characteristic  external  covering :  the  cold-blooded 
Ovipara  are  ii:ik<  1,  or  tlieir  external  surface  is  defended  only  by- 
hard  scales  or  plates  {^sqiiamm  and  scuta);  hut  the  warni-bK)uded 
classes  re<iuire  to  be  invested  by  an  integument  better  adapted  to 
maintain  the  high  degree  of  tcm])crature 
peculiar  to  them:  hence  quii*lni|ieds  are 
clothed  witlj  fur  and  hair,  and  birds  with 
down  and  feathers. 

Feathers  are  the  most  ct)ini)li(\ited  of 
all  the  modifications  of  the  epidermic 
system,  and  are  quite  pe<  nli  ir  to  the  class 
of  Birds.  They  are  pn»veriiially  ll^^dit; 
and,  as  the  eloquent  Pah-y  well  ob>er\L's, 

*  every  feather  is  a  nieehanical  wonder;' 

*  their  disposition,  all  inclined  barkivard, 
the  down  about  the  stt-m,  the  overlappinor 
of  their  tips,  iliir  different  confi^^uraiioH  , 
in  different  parts,  not  to  mentitm  the 
raricty  of  their  colours,  constitute  a  vest-  d'y 
ment  for  the  body  so  beautiful,  nnrl  so 
appropriate  to  the  life  which  the  animal  is 
to  leatl,  as  that,  T  think,  we  shouM  have 
had  no  conception  of  anything  equally 
perfect,  if  we  had  never  seen  it,  or  can 
now  imaLrinc  anvtliinL,'  more  so.'' 

Not withstandin;^^  the  varieties  tjf  size, 
consif-ience,  and  colour,  all  feathers  are 
composed  of  a  qui/I  or  barrel^  fig.  Ill,  a, 
a  shftft,  //,  b,  and  a  tuine  or  beard ^  r,  c; 
the  vane  consists  of  barbSf^f^.  112,  e,  and 
bnrbnit  a,  f  f. 

The  quill  i ralmnus),  by  wlm  h  the  fea- 
ther is  atiaciie«i  to  the  skin,  is  larger  and  shorter  than  the  shaft, 
is  nearly  cylindrical  in  form  and  semi-transparent;  it  possesses 

'  LXVf.  p.  234. 
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in  an  eminent  degree  the  opposite  qualities  of  strength  anil  liglit- 
ness.  It  terminates  below  in  a  more  or  less  obtuse  extremity, 
which  is  pierced  by  an  orifice  termed  the  lower  umbilicus,  fig.  Ill, 
e\  a  second  orifice,  leading  into  the  interior  of  the  quill,  is 
situated  at  the  opposite  end,  at  the  point  at  which  the  two  lateral 
series  of  barbs  meet  and  unite  ;  this  is  termed  the  upper  umbilicus, 
ib.  f.  The  cavity  of  the  quill  contains  a  series  of  conical  cap- 
sules fitted  one  upon  the  other,  and  united  together  by  a  central 
pedicle. 

The  shaft  (scapus)  is  more  or  less  quadrilateral,  and  gradually 
diminishes  in  size  from  the  up])er  umbilicus  to  its  distal  extremity. 
It  is  always  slightly  bent,  and  the  concave  side  is  divided  into  two 
surfaces  by  a  middle  longitudmal  line  continued  from  the  upper  um- 
bilicus; this  is  the  internal 
«Mr/*ace,  fig.  1 12,  c.  The  op- 
posite, or  external  surf  act-, 
ib.  b,  is  smooth,  and  slightly 
rounded ;    both  sides  are 
covered  with  a  homy  mate- 
rial similar  to  that  of  which 
the  quill   is   forme<l,  and 
they  inclose  a  peculiar  white 
soft  elastic  substance,  called 
the  pith,  ib.  a. 

The  barbs  (rami)  are  at- 
tached to  the  sides  of  the 
shaft  near  the  external  sur- 
face, and  consist  of  laminsc, 
varying  as  to  thickness,  breadth,  and  length.  They  are  arrangwl 
with  their  flat  sides  tt)ward  each  other,  and  their  margins  in  the 
direction  of  the  external  and  internal  sides  of  the  feather ;  conse- 
quently they  present  a  considerable  resistance  to  being  bent  out 
of  the  vane's  plane,  although  readily  yielding  to  any  force  acting 
uiwn  themselves  in  the  line  of  the  stem:  (<r,  e,  fig.  112,  are  the 
bases  of  two  barbs  of  a  feather  magnified).  The  barbules  (radii, 
hamuli),  ib.  f,  f,  are  given  oflf  from  either  side  of  the  thicker 
margin  of  the  barbs,  and  are  sometimes  similarly  barbed  them- 
selves, as  may  be  seen  in  the  barbules  of  the  great  feathers  of  the 
Peacock's  tail.  In  these  feathers  and  in  the  plumes  of  the  Ostrich, 
the  barbules  are  long  and  loose ;  but  more  commonly  tliey  art; 
short  and  close-set,  and  by  their  form  and  dis|)<jsition  constitute 
the  mechanism  by  which  the  barbs  are  united  together.  The 
barbules  arising  from  the  upper  side  of  the  barb,  or  that  next  the 
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extremity  of  the  feather,  arc  curved  downward  or  toward  the 
internal  surface  of  the  shaft ;  those  which  arise  from  the  under  side 
(if  the  barb  arc  curved  in  the  contrary  direction  :  so  that  the  two 
iuljoining  series  ol  hooked  barbnies  lock  into  one  another  in  a 
manner  which  has  been  coinpnrcd  to  the  fastening  of  a  latch  of  a 
door  into  the  catch  of  tlie  duur-post.  There  is  much  comjilicated 
variety  in  the  interlocking  mechanism  here  generally  explained. 

ljcH<l<  -  the  parts  which  constitute  tin  j  crleet  feather,  tliere  is 
an  a[>{ien(lage  attached  t^)  tiie  upper  umbilicus,  called  the  accessory 
plume  ( Iii/porachts).  It  is  usually  a  small  downy  tiift,  but  varies 
both  in  ditierent  species,  and  even  in  the  feathers  of  difierent 
parts  of  the  body  of  the  same  bii  d.  In  the  quill-l'eatlicrs  of  the 
wings  and  tail,  it  r*'tain>  the  state  of  a  small  tuft  of  <lown  ;  but  in 
the  body-feathers  of  Hawks,  Grouse,  Ducks,  Gulls,  &c.,  it  is  to  l)c 
found  of  all  sizes^  sometimes  equal  to  that  of  the  feather  from  which 
it  is  [)roduced. 

In  the  Ostrich  and  Aptcryx  tlie  feathers  have  no  accessory 
plume  ;  in  the  llhea  it  is  rejiresented  by  a  tuft  of  down  ;  in  the 
Emeu  it  rivals  in  size  and  structure  tlic  c»riginal  feather;  and  in 
the  Cassowary,  besides  the  double  feather,  there  is  a  second  ac- 
cessory plume,  so  that  the  quill  supports  three  distinct  shafts  and 
vanes. 

The  feathers  vary  in  form  in  different  parts  of  the  bird  accord- 
ing to  tlieir  functions,  and  afford  zoological  characters  for  llic  dis- 
tinction of  species  :  they  have,  therefore,  recel\  e<l  in  ( )rnithology 
distinct  names,  ^flu*  ordinary  imbricated  feathers  which  cover  the 
body  arc  called  *  clothing  feathers  :'  the  larger  ones  for  special  uses, 
*  quill-feathers.'  Those  which  surround  or  cover  the  external  open- 
ing of  the  ear  are  termed  the  '  auriculars.'  Those  which  lie  above 
the  scapula  and  humerus  are  called  the  *  scafMilars.*  The  small 
feathers  which  lie  in  several  rows  U|)on  thu  bones  of  the  anti- 
br:H])iHTn  arc  called  tlie  '  lesser  coverts'  (^tectrins  prima-).  Those 
which  line  the  under  or  inner  side  of  the  wings  are  the  '  under 
coverts.*  The  feathers  whii-b  lie  iuunciliately  over  the  fpiill- 
featljers  are  the  *  greater  coverts  '  {trrtrires  seeiiiida:).  The  quill- 
feathers  supported  by  the  wiTig-^  are  the  *  rrmiqcs^^  or  ^nnviiiLi; 
feathers.'  The  Inr-irest  nf  tlx  -e  renuges,  which  arise  from  tlie  i)ones 
of  the  hand,  are  it mied  the  '  primaries'  (primores).  Those  which 
rise  from  the  ulna,  towards  its  di-^tal  end,  are  the  'secondaries* 
(secuntlari<B).  Those  which  are  attached  to  its  proximal  extremity 
are  the  *  tertiaries  '  {tcrfian'a  ).  These  In  some  Birds,  as  the  Wood- 
cock and  .Siii|)e,  are  so  long  as  to  give  them  the  appearance,  when 
A/hig^  of  having  four  wings.     The  quiii-feathers  which  grt^w 
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from  the  phalanx  representing  the  index,  form  what  is  termed  the 
hii-tanl  wing  {alula  spuria).  Those  forming  what  is  called  the 
*  t;iil '  of  the  bird,  and  8upp<irte<l  hy  tlie  coccyx,  are  the  '  rrctricfs^ 
or  steering  quills.  Tlie  overly  in  feathers  are  the  *  tail-covcrts  * 
(rnh/pterifi):  these  bear  the  ornamental  *  eye&*  and  are  so  developed 
in  the  l*en  mrk  a.^  to  form  what  is  called  the  *  taii'  or  'train'  of 
that  gorgeous  i)ird. 

In  eonsidLM'ing  the  structures  which  determine  the  powers  of 
iliglit  in  different  Birds,  it  is  necessary  to  take  into  account  the 
texture,  formp,  and  j)rojx)rtions  of  the  wing-feathers,  as  well  as 
the  developement  of  the  bones  and  muscles  which  sn]>i»ort  and 
move  them ;  as  much  depends  upon  the  mechanical  advantnircs 
res  id  ting  from  the  shape  of  the  expanded  wing.  When  the 
primary  qnill-feathers  gradually  increase  in  length  a«  they  are 
situated  nearer  the  extremity  of  the  pinion,  they  give  rise  to  the 
acuminated  form  of  wing,  as  in  the  Swit'ts  and  Huramii!L'-^^>irds,  in 
which  the  first  primary  is  the  longest ;  and  in  the  true  i  aleons, 
in  which  the  second  jnimary  is  the  longest.  In  the  Hawks  the 
wiiigis  of  a  less  advantageous  form,  in  consequence  of  the  fourth 
primary  being  the  longest.  When  the  primaries  gradually  decrease 
in  length  towards  the  end  of  the  pinion,  they  give  rise  to  a  short 
rounded  form  of  w4ng,  such  as  characterises  the  Gallinaceous  Order; 
in  which,  although  the  i>ectoral  muscles  are  immensely  developed 
in  order  to  counteract  ^e  disadvantage  resulting  from  the  dispo- 
sition of  the  primaries,  yet  they  are  only  able,  in  consequence  of 
the  form  of  the  wing,  to  carry  the  bird  rapidly  forward  for  a  com- 
paratively short  distance,  and  that  with  an  exertion  and  vibratory 
noise  well  kno^vn  to  every  sportsman. 

The  texture  of  the  quill-feathers  has  also  a  material  effect  on 
the  powers  of  flight.  In  the  Falcons  each  primary  quiU-feather  is 
elongated,  narrow,  and  gradually  tapers  to  a  point ;  the  webe  are 
entire,  and  the  barbs  closely  and  firmly  connected  together.*  In 
the  Owls  the  plumage  is  loose  and  soft,  filaments  from  the  barbulcs 
extend  upon  the  outer  surface  of  the  vane»  and  one  edge  of  the 
primaries  is  serrated;  so  that,  while  they  are  debarred  fnmi 
so  swift  a  flight  as  the  Hawk,  they  are  enabled,  by  the  same 
mechanism,  to  wing  their  way  without  noise,  and  steal  unheard 
upon  their  prey, 

$  166.  Developement  of  Feathers* — The  first  covering  of  the  bird 

•  Of  so  much  conscqaence  are  the  qaill-fcnthrrs  to  the  Falcons,  that  when  any  of 
them  are  broken  the  fligljt  is  injured  and  ihc  fnlconcrs  tind  it  necessary  to  repair 
then  I  for  tbit  purpose  thej  are  alvajt  pcofrided  with  perfoek  pinioa  md  Uil  fcac 
then  regultrly  Dombered, 


i^iy  u^L^  Ly  Google 


PLUMAGE,  OF  BIUD8.  287 

is  a  partial  and  temporary  one,  consisting  of  fascicnli  of  long  fila- 
ments of  down,  which  on  th^  first  appearance  are  enyeloped  in 
a  thin  sheath,  but  this  soon  cnmibles  away  after  being  exposed  to 
^e  atmosphere.  The  down-fasoieoliy  wUch  diverge  each  from  a 
small  quill,  are  succeeded  by  the  feathers,  which  they  guide  as  it 
were  through  the  skin;  and  after  the  first  plumage,  at  each  suc- 
ceeding moult,  the  old  feathers  serre  as  the  'gubemacula*  to  those 
which  are  to  follow.  It  is  to  be  obsenred  that  feathers  do  not  grow 
equally  from  every  part  of  a  surfiuse  of  a  bird ;  they  are  not 
developed,  for  example,  at  those  parts  which  are  subject  to  friction 
from  the  movements  of  the  wings  and  legs.  They  first  appear  in 
clumps  upon  the  parts  of  the  skin  which  are  least  affected  thereby, 
as,  g.,  ii])()n  the  head,  along  the  spine,  upon  the  exterior  surface 
of  the  extremities,  at  the  sides  of  the  projecting  sternum  and  of 
the  abdomen. 
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In  fig.  ll.'i.  Hunter  '  desijjnatcs  tliem  as  follows:  (t,  'cranial 
clump'  {pfrri/la  capitis^    Xitzsch);   if,  'posterior  eerviear  and 

*  dorsal  clumps  *  (pf.  spi'tKrlfs,  X. ) ;  '  iuudjar  clumps  '  (pt.  ft'niortilcs 
sen  lumftfilfs,  N.);  <?,  'brachial  clumps'  {pt.  humcrulvs,  N.); 

*  antihrachial,'    atnl   </,  'carpal  clumjis'   ( alonnn,   X.);  y, 

*  femoral  clum|)s '  {pf.  crurales,  X.)  ;  n,  the  '  anterior  cervical,'  and 
<*, '  j>ectoral  cluin|)s  "  { pt.  colli  InU  raJes,  X"^.)  ;  '  ahdoniinal  clumps  ' 
{pt.  t/asfr(n\  X'.),  iv:e.  Xitzsch'  illustrates  the  atlinities  of  Hirds 
hy  tiie  characters  of  the  'pteryla;,'  exhaustively  followed  out  iu 
Liv. 

The  matrix,  or  organ  by  whicli  tlie  perfect  feather  is  j)roduccd, 
has  the  form  of  an  elongated  cylindrical  cone,  and  consists  oi'  a 
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capsule,  a  Lulb,  and  intermediate  membranes  which  mould  the 
secretion  of  tlie  bulb  into  its  appropriate  fonn.    The  matrix  Ls  at 
first  an  extremely  minute  cone,  attached  by  a  filamentary  procc^ 
to  a  follicle  or  papilla  of  the  skin  ;  but  it  is  not  a  dcvcl<>j)cnicnt  of 
that  part,  being  of  a  different  structure  and  adhering  to  it  by  a 
small  part  only  of  its  circumference.    The  matrix  progressively 
increases  in  length  ;  its  base  sinking  deeply  into  the  corium,  and 
acquiring  a  more  extended  connection  by  enlarged  vessels  and 
nerves,  while  its  apex  protrudes  to  a  greater  or  less  extent  from 
the  surface  of  the  integument,  when  the  capsule  drops  off  to  «<ive 
passage  to  the  feather  which  it  incloses,  and  the  formation  of  which 

has,  in  the  meanwhile,  been  gradually  proceetling 
from  the  apex  downward.  The  capsule  of  the 
matrix,  a,  r/,  fig.  114,  is  composetl  of  several 
layers,  the  outermost  of  which  is  of  the  nature 
of  epiderm ;  the  inner  ones  are  more  compart 
and  pulpy.  The  sides  of  the  cajisule  which 
correspond  to  the  outer  and  inner  sides  of  the 
gromng  feather  within  are  indicated  by  a  white 
longitudinal  line. 

The  axis  of  the  capsule  is  occupied  by  a  me- 
dulla or  bulb,  ib.  e,  also  of  a  cylindrical  f»inn, 
and  of  a  soft  fibrous  texture,  adhering  by  its  base 
to  the  parts  beneath,  and  there  recei\'ing  nume- 
rous bloodvessels  and  a  nerve. 

Between  the  medulla  and  the  capsule  there  arc 
two  parallel  membranes,  one  internal,  ib.  d ;  the 
other  external,  ib.  b ;  from  the  latter  membrane 
a  number  of  close-set  parallel  lamin.T  extend 
obliquely  from  one  of  the  white  longitudinal  line« 
above  mentioned  to  the  other  on  the  opi»ositc  side 

Mulrli  of  n  Kfiiwlntt         r    t  i*     i  mi  i 

f.i»ih.r.with  thocap-  ot  tlic  cyluuler.  Ihe  two  membranes  seem  to 
•uu  uijoiKii.  u.  unitetl  ti>gether  by  the  oblitjue  septa.    In  the 

long  and  narrow  spaces  between  these  septa,  the  matter  of  the 
vane,  ib.  r,  is  deposited  and  fonned  into  barbs  and  barbules.  The 
dop>siti(m  of  the  material  of  the  barbs  commences  at  the  a|>cx  of 
the  bulb,  and  the  stem  is  next  formed  in  the  following  manner. 

The  external  longitudinal  line  from  which  the  oblique  lamina? 
are  continued,  receives  and  moulds  on  the  inner  surface  of  the 
external  capsule  the  homy  covering  of  the  back  of  the  feather, 
or  that  lonsritudinal  band  to  the  two  sides  of  which  the  barbs  are 
attached ;  and  on  the  op|>osite  surface  of  the  internal  membrane 
arc  fonned  the  pith  or  substance  of  the  shaft,  and  the  horny  pellicle 
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whicli  incloses  it  on  the  inner  surface.  The  internal  longitudinal 
line  has  no  other  use  than  to  establish  a  solution  of  continuity 
between  the  extremities  of  the  barbs  of  one  side  and  those  of  the 
other,  which  meet  at  that  part,  and  thus  curve  round  and  com- 
pletely inclose  the  formative  bulb.  In  fig.  115,  the  capsule  of  the 
^  matrix  of  a  growing  feather. 
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Cf  has  been  laid  open,  and  the 
nascent  barbs,  </,  d,  which  sur- 
rounded the  bulb,  have  been 
unfolded,  exposing  that  |Mirt 
at  «,  b.  A  portion  of  the 
barbs  and  stem  have  been 
completed  and  protruded,  and 
the  bulb  is  beginning  to  un- 
dergo a  process  of  absorption 
at  that  part,  which  will  here- 
after be  described.  The  shaft 
and  barbs  at  the  apex  of  the 
cylinder  are  the  first  parts 
which  acquire  consistence,  and 
the  molecules  composing  the 
remainder  are  less  compactly 
aggregated  as  they  are  situ- 
ated nearer  the  base  of  the 
matrix.  As  the  gelatinous 
medulla  increases  at  tiic  base, 
the  first-formed  shaft  and 
barbs  are  protrudcil  through 
the  extremity  of  the  caj)3ule, 
the  bulb  continuing  to  furnish 
the  secretion  which  is  mould- 
ed between  the  two  striated 
membranes  until  the  entire 
feather  is  completed.  If  the 
striated  membrane  inch)sing 
the  bulb  be  attempted  to  be 
reflected  from  below  upward,  it  will  be  found  to  be  connected  with 
a  series  of  membranous  cones,  r/,  A,  r,  r/,  fig.  116,  ranged  one 
upon  the  other  throughout  the  whole  length  of  the  bull),  and  con- 
nected together  by  a  tube  running  through  its  centre.  In  this 
figure  the  pulpy  matter  which  occupied  the  interspaces  of  the 
cones  has  been  removed  to  show  their  central  connectin<r  tube. 
As  tlie  developement  of  the  feather  advances,  the  pulpy  matter 
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disappears  from  the  summit  of  the  medulla,  and  only  the  mem-  * 
branous  funnel-shaped  •caps  remain,  which  are  protruded  from  the 
theca  and  the  centre  of  the  new-formed  barbs,  and  fall  off  as  these 
expand.  The  theca  which  indoses  the  whole  is  of  a  firm  texture 
where  the  new'-moulded  barbs  are  yet  pulpy  and  tender,  but  it 
becomes  thinner  as  these  acquire  consistency,  and,  lastly,  dries  and 
crumbles  away  after  it  has  been  exposed  to  the  action  of  the  atmo- 
sphere. The  bulb  itself,  when  examined  in  a  half-formed  quill- 
feather,  is  composed  of  two  parts,  coiresponding  to  the  external  and 
internal  aspects  of  the  feather.  The  internal  part  rej^esents  a  semi- 
cylinder  or  case,  inclosing  the  external  part,  which  is  of  a  conical 
form ;  the  latter  extends  from  the  base  of  the  bulb,  and  gradually 
diminishes  to  a  point  where  the  shaft  is  completed  and  the  barbs 
begin  to  expand.  Its  office  is  to  deposit  the  pith  within  the  shaft, 
and  it  is  alMorbed  in  })r(>i>ortion  as  this  is  effected*  The  internal 
part  or  case  also  commences  at  the  base  of  the  bulb,  and  adheres 
dosely  to  the  cone,  with  which,  indeed,  its  substance  is  continuous  $ 
it  increases  in  thickness  as  the  cone  diminishes,  its  margins  are 
beautifully  scolloped  or  crenate,  and  the  crenations  are  lodged  in 
the  interspaces  of  the  oblique  lamins  or  moulds,  and  deposit  in 
them  the  material  of  the  vane.  The  homy  sides  of  the  shaft  are 
lodged  and  formed  in  the  grooves  between  the  external  and 
internal  parts  of  the  bulb,  and  correspond  in  degree  of  formation 
to  the  depths  of  those  grooves ;  and  being  progressively  brought 
into  contact  from  above  downwards,  the  shaft  is  thus  completed, 
leaving  the  longitudinal  line  at  the  internal  side.  When  all  the 
grooves  (wherein  are  formed  the  barbs,  and  the  portion  of  the 
shaft  which  carries  them)  are  filled  by  the  horny  matter,  and  the 
barbed  part  of  the  feather  is  finished,  this  homy  matter  lastly 
expands  uniformly  around  the  medulla,  and  forms  the  quill  of  the 
feather. 

When  the  quill  of  the  feather  has  acquired  the  due  consistence, 
the  internal  medulla  becomes  dried  up,  and  is  resolved,  as  before, 
into  membranous  cones  arranged  one  uj)on  the  other ;  but  these 
latter  never  pass  out,  for  the  quill,  which  now  hardened 
and  dosed  by  the  shaft  at  the  extremity  oj>posite  to  the  lu^vc^ 
umbilicus,  will  not  permit  their  e*z:re.s8 ;  they  remain,  therefore, 
inclosed,  and  constitute  the  light  dry  j>ith  which  is  fountl  in  tlie 
interior  of  the  quill.  The  last  remains  of  the  buU)  are  seen  in  the 
ligament  which  passes  from  the  pith  through  the  lower  opening  of 
the  quill  and  attjiclies  it  to  the  skin. 

'Hiere  is  ii  close  analogy  between  the  formation  of  a  featlier 
and  tluti  ui  a  tooth  ;  but  a  tooth  may  take  years  to  be  perfected. 
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'  and  there  are  but  two  BerieB  produced  in  one  part  of  the  j&w,  and 
only  one  in  the  other,  in  any  warm-blooded  animal  Feathers,  on 
the  other  hand,  are  developed  in  the  course  of  some  days ;  they 
attain  a  length  of  from  one  to  two  feet  or  more  in  many  Birds, 
and  they  are  almost  all  renewed  every  year, — in  some  species 
even  twice  a  year.  It  may  be  conceived,  then,  how  much  vital 
energy  the  organisation  of  Birds  must  exercise,  and  how  many 
dangers  must  accompany  so  critical  a  period  aa  that  of  the 
moult. 

The  plumage  is  commonly  changed  several  times  before  it 
attains  tiiat  state  which  is  regarded  as  characteristic  of  the  adult 
bird.  The  time  required  for  this  varies  from  one  to  five  years, 
and  several  birds  rear  a  progeny  before  they  acquire  the  plumage 
of  maturity. 

When  the  male  bird  assumes  a  vestment  differing  in  colour 
from  the  female,  the  young  birds  of  both  sexes  resemble  the 
latter  in  their  first  plumage  (Blackbird) ;  but  when  the  adult 
male  and  female  are  of  the  same  colour,  the  young  have  then  a 
plumage  peculiar  to  themselves  (Swan).  When  adult  birds  as- 
sume a  plumage  (.luring  the  breeding  season  decidedly  different  in 
colour  from  that  which  they  bear  in  winter,  the  young  birds  have 
a  plumage  intermediate  in  the  general  tone  of  its  colour  compared 
with  the  two  periodical  states  of  the  parent  birds,  and  bearing  also 
indications  of  the  colours  to  be  afterwards  attained  at  either 
period  (Ruff).  When  both  males  and  females  are  alike  in  colour, 
but  species  of  the  genus  differ  widely  in  colour,  as  e.  g.  the  Black 
and  White  Swans,  the  young  of  such  species  arc  alike  and  of  an 
intermediate  hue. 

Changes  in  the  a{)pcarance  of  the  plumage  of  birds  may  be 
produced : — 

By  the  feadier  itself  becoming  altered  in  colour ; 

By  the  bird's  obtaining  a  certain  number  of  new  feathers 
without  shedding  any  of  the  old  ones; 

By  the  wearing  off  of  the  lengthened  lightcr>colourcd  ti^m  of 
the  barbs  of  the  feathers  on  the  body,  by  which  the  brighter  tints 
of  the  plumage  underneath  are  exposed ; 

By  an  entire  or  partial  moulting,  at  which  old  feathers  are 
thrown  off  and  new  ones  produced  in  their  places. 

The  first  three  of  these  changes  are  observed  in  adult  birds  at 
Uic  ai>))roach  of  the  breeding  season ;  the  fourth  change  is  partial 
in  Bpring  and  entire  in  autumn. 
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CHAPTER  XXIII. 

0£N£RATIV£  SYSTEM  OF  BIBDS. 

§  167.  Malf  Orgaj}'^  and  Semirfafion. —  The  few  varieties  of 
structure  which  the  generative  or«>^an.s  present  in  the  Class  of 
Birds,  are  principally  met  with  in  thot^e  of  the  male. 

The  Cleans  in  this  sex  exhibit  all  the  essential  eharacten«tir5 
of  the  oviparous  type  of  structure.  The  testes  are  situat*^il  Iul^H 
up  in  the  alxlouieu,  whence  they  never  descend  into  an  external 
srrotum.  Tlie  intromittcnt  orpran  is  either  douhle,  as  in  Serpents, 
when,  however,  each  penis  is  extremely  sniali;  or  it  is  single,  but 
in  this  ease,  to  whatever  extent  it  may  be  developed,  it  is  simply 
grooved  alon^r  the  upper  surface  or  flor^nm  for  the  passaj^e  of  the 
fecundating  fluid.  As  there  is  no  true  urethral  canal,  so  neither 
are  the  glands  of  Cowper  or  the  prostatic  frlands  present. 

The  testes,  figs.  H9,  x,  117,  a,  f/y  are  two  in  number ;  in  form  more 
or  less  oval,  situated  near  the  upj)er  extremities  of  the  kidneys. 
They  vary  remarkably  in  colour  in  different  bu*ds  ;  1  have  seen 
them  white  in  the  Percgiine  Falcon  and  Dove;  pale  yellow  in  the 
Horn-Owl  and  (lallinule  ;  of  a  brighter  yellow  in  the  Magpie, 
Bay  Ibis,  Ruff,  and  Oyster-catcher;  of  a  black  colour  in  the 
Chough,  Partridge,  Heron,  Seagull,  but  whitish  toward  the 
lower  end  in  the  last  two.  They  are  invested  with  a  strong  and 
dense  'albuginean'  tunic,  and  are  fastened  or  suspended  by  a  fold  of 
peritonemiu  The  contorted  seminiferous  tubules  are  very  slender, 
and  are  separated  into  packets  hy  delicate  and  membnuioiis  septa, 
continued  from  the  inner  surface  of  the  tunica  albuginea.  The 
arteries  spread  in  an  arborescent  form  beneath  that  capsule.  The 
vas  deferens,  fig.  117,  c,  e,  is  continued  from  the  posterior  or 
*  dorsal  *  and  internal  or  '  mesial '  part  of  the  gland. 

The  perio<lical  variations  of  size  which  the  testicles  undergo  are 
▼ery  remarkable  in  the  Class  of  Birds;  and  the  limited  period 
during  which  thdr  function  is  in  activity  is  compensated  by  the 
frequency  and  enei^  with  which  it  is  ezerciBed. 

The  proportional  size  which  the  testes  acquire  at  the  breeding 
season  is  immense^  as  may  be  seen  in  the  subjoined  figures  of  the 
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testes  of  the  I  louse-Sparrow,  which  commences  with  the  prlands 
as  they  appear  in  January,  when  they  are  no  birrrrer  than  pina* 
heads,  and  ends  with  their  full  devolopeinent  in  Ai»i  il. 

It  rarely  happens  that  both  testes  are  developed  in  exactly  the 
same  degree:  the  left  is  commouly  the  largest;  but  sometimes 
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1.  Jaaiuiy. 

S.  Middle  of  l^bnaqr. 

3.  Boginniog  of  March. 


4.  lAttar  tad  «r  March. 


ft.  Middle  of  Aprfl. 
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the  right  exceeds  the  left ;  and  I  have  seen  an  example,  in  a 
Rook,  where  it  alone  had  taken  on  the  action  of  sexual  increase, 
and  had  acquired  a  bulk  compensating  for  the  want  of  develope- 
ment  in  the  left  testis. 

In  most  Birds,  the  only  appearance  of  an  epididymis,  firr.  117,  h, 
is  a  remnant  of  the  ])nmordial  kidney,  fij;.  108,  c.  This  jiart  fre- 
quently presents  a  colour  strikingly  ditferent  from  that  of  the 
testes:  thus  it  has  been  observed  in  the  liu>tard  and  Curassow  to 
be  black ;  in  the  Cassowary,  yellow  ;  and  in  the  Demoiselle  {Ari" 
thropoidts  Vir//o)  to  be  of  a  green  colour.  In  the  Ostrich  the 
epididymis  is  folded  upon  itself  at  the  ^ide  of  the  testis. 

The  vaa  deferens,  fig.  1 1 7,  r,  commonly  ])a8ses  down  to  the  cloaca 
by  the  side  of  the  ureters  without  undergoing  any  remarkable  con- 
volution ;  but  in  the  Common  Cock  it  is  bent  upon  itself  in  short 
transverse  f»)lds  from  bide  to  side  almost  from  its  conuneneement ; 
the  folds  gradually  but  slightly  increase  as  tliey  approach  the 
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cloaca^  both  In  extent  and  in  tlie  diameter  of  the  tube  componng 
them ;  and  thej  are  bo  cloeely  compacted,  and  indoeed  by  a  corv- 
j  ing  of  peritoneum,  as  to  preMDt 

in  a  longitudinal  section  the  ft|>- 
pearanoe  of  a  series  of  cells 
which  are  capable  of  retainiogi 
aa  in  a  vcsicula  BcminallS}  t 
quantity  of  the  Beminal  Becr^ 
tion.  In  the  Sparrow  there  u<  i 
dilatation  at  the  end  of  eidi 
vas  deferens,  which  openSt  tf  in 
the  Common  Cockj  on  a  ]>ai»illa- 
situated  in  the  urogenital  di^ 
sion  of  the  cloaca  anterior  i» 
the  insertion  of  the  ureter. 

The  base  of  each  pa])illa  i> 
surrounded  by  a  remirbMe 
plexus  of  arteries  and  Teiis. 
M»  M,  fig.  94,  which  serve  as  » 
erectile  organ  during  the  Yen^ 
real  oigasm^when  thefi«sa  o^tHe 
tuigid  papilla  is  CTerted,  and  t  he 
semen  brought  into  ctmtact  witli 
tlie  similarly  everted  orifice 
the  oA-iduct  in  the  female^  f^^^^ 
which  the  apermatosoa  p^'^" 
iindulatory  moTement^  of  their 
ciliary  appendage  or  <  tail' 

In  some  Katatores  which  m> 
pulate  in  water  there  is  pi^ 
vision  for  a  more  efficient  cdtxn 
than  by  simple  Contact  of  evert- 
ed cloaca},  and  in  the  Anatulif 
a  long  single  penis  is  devekpeii* 
fig.  119.    It  is  essentisU;  s 
saccular  production  of  a  higUj 
vascular  part  of  the  lining  mew- 
brane  of  the  cloaca,  contipu<^ 
from  the  fore*part  of  that  caritv, 
ib.  a,  a ;  and  in  the  passive  ^Uto 
is  coiled  up  like  a  screw  by  th* 
elasticity  of  »aanM»*sA  itomeiH 


•  IMk«i  xxta. 


tons  atmctore,        The  vascolar  membrane  gives  ofi*  many 
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pointed  processes,  which,  in  the  Gander,  are  arranged  in  transverse 
rows  on  either  side  the  urethral  groove,  d,  and  near  the  extre- 
mity of  the  penis  are  inclined  backward.  The  elastic  band,  b,  b,  has 
been  cut  open  lengthwise  in  the  Bgure  given  by  Home  :*  it  is 
surrounded  by  cavernous  tissue,  and  terminates  in  the  blind  end 
of  the  sac  which  can  be  everted.  A  groove,  ib.  d,  d,  commencing 
widely  at  the  base,  follows  the  spiral  turns  of  the  sac  to  its  termi- 
nation :  the  sperm-ducte  open  upon  papillas  at  the  base  of  this 
groove.  This  fonn  of  penis  has  a  muscle  by  which  it  can  be 
everted,  protruded,  and  raised. 

The  base  of  the  penis  in  the  Ostrich  Ib  attached  to  the  fore  wall 
of  the  cloaca,  the  conical  body  is  bent  in  a  recess,  out  of  which  it 
can  be  drawn  and  into  which  it  can  be  returned  by  muBcles.  It 
consists  of  two  solid  fibrous  bodies,  the  fissure  between  which  is 
covered  by  cavernous  erectile  tissue,  bounding  the  seminal  groove ; 
but  it  has  no  evertible  sacciform  part:  there  is  a  third  elastic  sub- 
stance internal  to  the  cavernous  substance  which  produces  the 
twisted  form. 

The  Drake's  penis  is  formed  after  the  type  of  that  of  Lizards 
and  Serpents.  The  Ostrich's  penis  b  like  that  of  the  Tortoise 
and  Crocodile.* 
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The  spermatozoa  of  Birds,  like  those  of  Lizards,  have  a  long 
cylindrical  body;  generally  straight  or  wavy, 
obtuse  anteriorly,  and  tapering  behind  into  a  fila- 
mentary  tail  of  varying  length  according  to  the 
species,  fig.  120;  but  in  the  CaniareM  the  body 
18  twisted  spirally  in  three  to  five  or  more  tarns, 
pointed  anteriorly  and  terminating  in  a  usually 
long  filamentary  tail,  fig.  123.  The  spenn-cell 
contains  many  spermatoa,  fig.  121,  and  in  these  the 
spermatozoa  are  developed  and  usually  excluded 
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within  the  common  sperm-cell,  fig. 


124 


itoBML  cnmu. 


2 :  here  they  we  agglatuialed 
together,  either  in  irregular 
groups;  or,  as  in  the  Cbnllpfw, 
ina  regohff  bundle^  with  the 
Bpual  bodies  at  one  end  and 
the  tails  extending,  pandlely 
to  ihe  other,  fig.  123.  In  both 
eases  the  spermatoioft  are  set 
free  by  rupture  and  eolntioa 
of  the  spemwcell:  in  the  Cmm^ 
tores  they  are  then  found 
oiculate  in  the  *  taboli  tesfcbi,* 
whilstin other  birds  thcyan 
irregularly  dispersed. 

§  168.  Fewiale  Orgamt  amd 
Ovulation  of  Birds,  —  The 
ovarium  of  the  Bird  consists 
essentially  of  the  germ-cells, 
with  the  stroma  or  Mantrma 
modified  by  their  preaenoe, 
and  the  vitelline  matter  so* 
peradded  to  the  germ-celL 
The  formative  processes  An 
most  clearly  traceable  in  the 
smaller  singingobirds.  In  fig. 
124,  A,  the  small  clusters  of 
granules  indicate  the  begin- 
ning of  the  ova  in  the 
ovarian  stroma:  in  larger 
clusters  a  clear  iM>int  ajK 
pears,  which  in  the  largest 
assumes  the  character  of  a 
germ-cell  surrounded  with 
opaque  minute  granules.  Tb< 
almost  contemporaneous  for> 
mation  of  the  *  ovisac* 
(Barry)  soon  manifesto  h^clf 
by  its  lining  of  eiiitlit  lid 
odls,  ib.  B,  at  which  poHiKl 
the  germ-cell  manifesto,  hy 
its  macula,  the  ordinarr 
charactcrB  of  the  'pemiinal 
;  the  epithelium  uf  the  uvi^ae 
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is  shown  in  focus  at  d:  in  e,  ov  is  the  ovisac  ^ith  its  epithelial 
lining,  V  the  granular  yolk  surrounding,  y  the  gcrniiiial  \  cj^icle 
or  developed  *  germ-cell.*  f  is  part  of  an  ovule  of  oC  an  inch 
in  diameter,  highly  magnified:  r,  minutely  granular  or  primitive 
yolk-substance;  ^,  germinal  vesicle;  z,  *  tliick  consolidated  mem- 
branous layer  which  formed  a  vesicular  covering  for  the  primitive 
ovule,  and  which  corresponds  to  the  zona  pellueida  of  the  mam- 
miferous  ovum.'  * 

In  o  and  H,  Prof.  Allen  Thomson  gives  diaf^'rammatic  figures 
of  the  earliest  stages  of  formation  of  the  ovarian  ovum  in  a  Black- 
bird :  figs.  I  and  K  *  are  intended  to  illustrate,  (lia<^rannnatu  ally, 
the  view,  that  after  the  disappearance  of  the  zona,  and  the  for- 
mation of  the  larger  granular  yolk-cells,  the  outer  layer  of  tlie 
cells  of  this  substance  forms  the  permanent  vitelline  membrane  of 
the  bird's  eirg  ;  vd,  '  remains  of  minutely  granular  yolk,  forming 
the  vitelline  disc  round  the  germinal  vesicle;  5/7,  large  corpuFcles 
of  the  yolk ;  vm,  outer  layer  of  the  celb  of  the  t»ame,  on  which 
the  vitelline  membrane  is  afterwards  formed.'  * 

The  germinal  vesicle,  with  the  firmer  primitive  vitelline  granules 
('  germ-yolk,'  k,  vd)y  moves  from  the  centre  to  the  periphery  of 
the  ovum,  which  then  begins  to  expand  by  the  addition  of  the 
softer  *  food-yolk,'  ib.  st^ :  this  seems  to  be  due  to  cells  thrown  off 
by,  and  to  fluid  exuding  from,  the  inner  surface  of  the  ovisac,  ov, 
the  cells  greatly  and  rapidly  increasing  in  number  and  acquiring 
the  characteristic  yellow  or  orange  colour  of  the  yolk  in  birds. 

At  the  earlier  stages  of  the  developemcnt  of  the  ova  the  ovarium 
appears  as  a  flattened  solid,  granular  body,  attached  by  a  fold  of 
peritoneum,  or  of  air-cell,  to  the  bodies  of  the  middle  dorsal 
vertebnr,  fig.  125,  a. 

At  first,  the  ri^htand  left  ovaria  are  similar  in  size,  fig.  127,  <J: 
but  the  symmetiy  is  soon  disturbed  by  concentration  of  de- 
velopemcnt in  the  left  ovarium  (fig.  125,  a),  the  right  one,  a', 
remaining  stationary  and  ultimately,  in  most  birds,  disappearing. 

The  enlar"-cment  of  the  ovarian  ovum  is  now  due  to  the  accu- 
mulation  of  the  yellow  or  *  food '  yolk,  with  concomitant  distension 
of  the  mcmbrana  vitelli  and  of  the  ovarian  capsule,  or  *  calyx,' 
fi<j.  126,  ft,  which  maintains  its  connection  with  the  rest  of  the 
oval  iuui  Ijy  a  contracted  base  or  pedicle. 

The  calyx  consists  of  two  membranes,  united  together  by  lax 
tissue  and  bloofl-vessels :  these  ramify  as  in  fig.  126,  c,  conver«i;iii^^ 
toward  a  wlute  traiisverbe  line  or  band  acrot^s  the  most  prominent 

■  «oofUi%  pi.  7S.  '  Ih. 
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part  of  the  calyx,  where  the  vessels  become  suddenly  so  minute, 
as  to  seem  to  be  wanting:  fig.  128,  c.  This  part,  callwl  the 
*  stigma,'  begins  to  appear  when  the  ova  have  attained,  in  the 
Common  Fowl,  the  diameter  of  an  inch:  it  increases  in  breadth,  and 
the  membranes  there  become  thinned,  sis  the  ovum  acquires  its 


126 


Female  f>rKan»,  Fowl,  at  non-t>reeflIng  stiuon. 


Relallon  of  the  ovt  to  tLc  ovary  In  Birdt.  cxx:%  iii. 


full  size ;  when  they  readily  yield  and  are  rent  by  the  compre8siii<r 
force  of  the  infundibular  opening  of  the  oviduct,  fig.  128,  wherc^ 
upon  the  ovum  slips  out  of  the  calyx  into  the  efterent  passage. 

The  empty  calyx  collapses,  as  at  b,  fig.  126,  and  d,  fig.  128, 
rajndly  shrinks,  and  is  ultimately  absorbed. 

In  birds  that  have  few  young  at  a  brood,  as  the  Apteri/r,' 

'  XI.  vol.  iii.  p.  310,  pi.  36. 
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Eagle,  Dove,  &c.,  the  number  of  enlarged  ovarian  ova  or  '  yolks' 
is  corresiK)n(Hngly  small ;  but  in  the  more  prolific  species,  as  the 
Common  Fowl,  fig.  126,  A,  they  are  more  numerous.  The  number 
of  young  produced  may  be,  by  this  means,  in  some  degree  in- 
ferred, if  the  female  of  a  rare  species  happen  to  be  killed  during 
the  breeding  season. 

In  the  diagrammatic  section  of  a  full-sized  ovarian  ovum,  B,  fig. 
126,  o  is  the  outstretched  ovarian  capsule  and  stroma  forming  tho 
*  calyx,'  p  its  peduncular  connection  with  the  rest  of  the  ovarium ; 
c  is  the  common  position  of  the  germ-cell  and  discoid  germ-yolk ; 
ovy  the  two  layers  of  the  ovisac  into  which  the  blocMl-vessels 
penetrate;  rm,  the  vitelline  membrane.  This  membrane  is 
sufficiently  strong  and  ductile  to  permit  the  ovarian  ovum  being 
compressed  into  an  elliptical  form  to 
facilitAte  its  passage  through  the  con- 
tracted part  of  the  oviduct.  Certain 
changes  now  occur  in  the  ovarian 
ovum,  and  much  addition  is  made  to 
it;  but,  before  entering  upon  these, 
the  canal  through  which  it  passes  and 
in  which  the  egg  is  completed  must  be 
described. 

In  the  female  embryo  the  basis  or 
stroma  of  the  ovarium,  fig.  127,  c,  ap- 
pears in  a  similar  relation  to  the  pri- 
mordial kidneys  (ib.  i),  as  the  testis 
in  the  male.  At  the  period  when  the 
pennanent  kidneys,  ib.  have  sent 
the  ureters,  ib.  to  the  cloaca,  the 
oviducts,  gy  have  been  developed  as 
prolongations  from  that  part,  and,  to  a 
certain  point  of  develoj>ement,  they  arc 
of  equal  size  and  length.  Subse- 
<iucntly  the  left  oviduct  alone  proceeds  to  grow ;  the  right  is 
statiijnary,  or  shrivels  :  occasionally  it  may  be  discerned  as  a 
rudiment  in  the  mature  bird,  but  usually  all  trace  of  it  has  dis- 
ftppeare<l.  The  left  oviduct  expands  above  or  at  its  free  end  into 
the  infundibular  orifice,  fig.  125,  />,  where  its  parictes  are  very  thin  ; 
as  it  descends,  these  increase  in  thickness,  and  the  efferent  tube 
gradually  acrpiires  the  texture  and  form  of  an  intestine.  Like 
this,  it  is  attached  to  and  supported  by  a  duplicaturc  of  peritoneum 
called  the  mesomHrinm^  but  which  also  includes  muscular  fibres, 
to  be  presently  describctl. 


KlJncji,  Wolfllan  bndlcf,  ovarlcx,  ami 
uvldurU  of  a  fietal  bird,  at  a  |HTi<Kl 
wbrn  both  oviducts  arc  ■till  of  nemrl/ 
ciaal  iize.  Ma^fiilflctl.  lxxit. 
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The  oviduct  in  the  quieflcent  state  ui  generally  straight,  but  at 
the  period  of  sexual  excitement  it  is  augmented  in  length  as  well 
as  capacity,  and  describes  three  principal  oonvoliitioiui  before 
reaching  the  doaca,  fig.  1 28,  a.  The  lining  membrane  present^  a 
diflfoieiit  oharacter  in  different  parts  of  the  OTidoct ;  at  the  fnfimdH- 
biiliim»  ib.  the  suriace  is  longitudinally  rugous:  lower  down  the 
Knrng  membrane  begins  to  be  disposed  in  oblique  ridges,  ib.  /» 
beset  with  foUioular  glands:  at  the  more  contracted  part,  or 

'  isthmus,'  they  become  longitudinal 
and  subside :  in  the  terminal  dilata- 
tion, ib.  k,  the  lining  membrane  is 
beset  with  large  flattened  villi,  con- 
taining the  follicles  concerned  in  the 
secretion  of  the  shell.  The  wh«»Ie 
oviduct  is  lined  by  vibratile  qpttbe* 
Hum.  The  shell-formiog  part  has 
been  tenned  the  '  uterus/  but  the 
ovum  is  nerer  developed  in  it.  The 
rest  of  the  canal,  /,  which,  by  the  same 
loose  analogy,  is  tenned  *  vagina,* 
opens  into  the  urogenital  segment 
of  the  cloaca,  anterior  to  the  orifice 
of  the  left  ureter,  and  its  termination, 
figs.  86,  109,/,  is  provided  with  a 
sphincter. 

The  mesometry,  fig.  128,  ai,  diffn 
most  from  the  mesentery  whea  the 
female  oigana  are  in  full  ■ezual 
action.  It  presenta  at  that  period 
a  muscular  stmcture*  bat  the  fibset 
arc  not  striated.  It  is  divided  into  two  parts,  one  aoperior,  the 
other  inferior.  The  inferior  meeometry  has  its  ]>oint  of  attach- 
ment at  the  lower  part  of  the  uterine  portion  of  the  oviduct,  and 
forms  a  somewhat  dense  and  crucifbim  plexus  of  m«Q<mU>>  fihrai 
radiating  from  that  part.  The  transverse  fasciculi  are  spread  o«t 
on  either  side  and  around  the  uterus.  The  lower  fasciculus  sar> 
rounds  the  vagina  more  laxly,  and  contributes  to  the  evpnlsioo  of 
tlie  ovum.  The  upper  fasciculus  spreads  oat  like  a  fan  upon  the 
oviduct  firom  its  insertion  into  the  uterine  portion  to  the  cm* 
mencement  of  the  iniundibulum. 

The  superior  mesometry  commences  by  a  firm  elastic  ligament, 
which  is  attached  to  the  root  <s£  the  penultimate  rib  of  the  kft 
ndcy  whence  the  muscular  fibres  are  oontinaed  to  the  apper  put  cf 
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the  oviduct,  upon  which  they  form  a  delicate  muscular  tunic, 
whose  fibres  embrace  the  oviduct  for  the  most  part  in  the  trans- 
verse or  circular  direction,  except  at  the  infundibular  aperture, 
where  tliey  affect  the  longitudinal  direction,  which  enables  them  to 
dilate  that  orifice.  Longitudinal  muscular  fibres  begin  again  to 
be  distinctly  seen  in  the  uterine  portion  of  the  oviduct,  whence 
they  are  continued  along  the  so-called  vagina.  An  internal  stratum 
of  circular  fibres  is  also  situated  immediately  behind  the  calcifying 
membrane  of  the  *  uterus.'  In  the  vagina  the  circular  fibres  are  con- 
centrated at  its  termination  to  form  the  sphincter  above  mentioned. 

The  *  clitoris'  of  the  Ostrich  is  continued  from  the  anterior 
margin  of  the  preputial  cavity  of  the  cloaca,  and  is  grooved  like 
the  penis  of  the  male :  it  is  furnished  with  corresponding  muscles. 
A  smaller  clitoris  exists  in  those  birds  of  which  the  males  have  a 
well-developed  intromittent  organ. 

§  169.  Fecundation  in  Birds, 
and  Structure  of  the  laid  Egg. 
— In  coitu  spermatozoa  enter 
the  cloaca  and  penetrate  the 
oviduct,  ascending  to  the  ova- 
rium. The  genninal  vesicle, 
on  the  reception  of  the  ovum 
by  the  oviduct,  is  no  longer 
visible,  as  such.  A  discoid 
aiTSregate  of  cells  constitutes 
an  opaque  white  circular  spot 
on  the  part  of  the  perijihery 
of  the  yolk  to  which  the  genn- 
cell  and  germ-yolk  had  pai^sed, 

and  tliis  was  known  to  the  „         .  ^  _ 

.  Siniciurc  of  the  cJc»trlcnla  In  »lald  Fowr*e(rff.  ooctih 

older  cmbryologists   as  the 

*  cicatricula.'  It  consists  of  a  central  clearer  and  of  a  peripheral 
denser  porti(m,  fig.  129,  B:  beneath  the  clear  centre  is  a  group 
of  minute  opaque  granules  called  *  nucleus  cicatriculaj.'  In  the 
diagrammatic  figure  A,  a  is  the  vitelline  membrane ;  d  the  clear 
tract  leading  from  the  *  nucleus,'  c,  to  the  centre  of  the  yolk, 
— the  trace  of  the  excentric  course  of  the  germ-cell :  b,  h,  arc  the 
minute  granules  forming  the  denser  part  of  the  cicatricula ;  e, 
are  the  larger  yolk  corpuscles.  The  *  nucleus  cicatricula;,'  c,  is 
the  *  germ-mass,'  the  result  of  the  same  series  of  s{X)ntaneou8 
divisions  of  the  impregnated  germ-cell,  as  affected  the  entire  yolk 
in  the  Batrachian  (vol.  i.  fig.  452);  to  which  the  ovum  of  the  Birtl 
offers  the  opposite  conditiou  in  the  preponderance  of  the  *  food- 
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yolk'  over  the  'gem-yolk.'  In  fig.  129,  B  is  an  enlarged  view 
of  the  cicatricula  as  seen  from  above  on  the  surface  of  the  yolk 
in  an  imprcgnatc<l  egg  :  the  dark  central  space  is  the  '  transparent 
area '  surrounded  by  the  '  opaciue  area,'  and  by  one  or  two  de- 
licate '  haloncs.'  c  is  the  cicatricula  of  an  iinfecundated  laid 
egg :  instead  of  the  central  transparent  area  a  number  of  rather 
irregular  transparent  spots  are  seen. 

The  yolk  forms  an  ellipsoid  mass,  somewhat  flattened  on  the 
cicatricuhir  surface,  and  consists  of  the  external  coloured  part, 
fig.  130,  B,  (I,  in  concentric  layers  indicative  of  successive  deposit' 
and  of  a  central  lighter-coloured  part,  ib.  c,  about  one-fourth  of 


ISO 


the  diameter  of  the  whole.  The  margins  of  yolk-layers,  inter- 
rupted ,y  the'acatncula-  and  its  canal,  may  form  the  •  halones.' 
1  ho  yolk-layers,  d,  ,1,  usually  show  some  diversity  of  tint 

Ihe  r,pe  ovarian  ovum,  having  passed  into  the  oviduct,  ia 
propelled  by  the  pcnstaltic  action  of  that  tube  in  a  rotatory  course 
to  the   uterus.     The  eont.ict  of  the  membrana  vitelli  sthnulatos 
the  exudafon  of  the  product  of  the  lining  men.brane  in  a  den.^er 
state  than  usual,  which  forms  a  kind  of  accessory  tunic  and 
«  eontmued   thread-like,  from  near  each  pole  of  the  elUmoid 
usually  a  httle  toward  that  half  which  is  opposite  the  one-up: 
porting  the  cicatncula:  these  filaments,  fig.  1.30,  a.  c,  are  the 
•ehalaz.^,'  and  the  layer  of  dense  albume^n  fro^  ;hi;h  they 
are  continued  is  called  the  'membrana  chalazifcra.'  Durinn- 
the  passage  of  the  egg  and  its  acquisition  of  successive  deposits 
of  the  ordinary  albuminous  secretion,  the  chalaza,  become  twiste<l 
n  opposite  directions,  fig.  1.31,  „,  and  ultimately  the  one  nex 
the  small  end  of  the  egg  contracts  some  adhesion  to  the  membrane 
hning  the  shell  there.    In  fig.  131, shows  the  ovmn  from  the 
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upper  part  of  the  oviduct,  with  the  coating  of  dense  albumen 
continued  into  the  chalazae;  B,  the  outstretched  chalaza;  from 
opposite  sides  of  the  yolk,  showing  the  opposite  turns  of  the 
spiral;  C,  an  egg  from  above  the  middle  of  the  oviduct,  with  the 
first  layers  of  soft  albumen  deposited  upon  the  chalazifcrous 
membrane  and  chalazaj. 

The  albumen  is  raj)idly  added  in  the  more  glandular  and  vas- 
cular part  of  the  oviduct,  by 
the  ridjces  of  follicles  which 
corresjx)nd  in  direction  ^vith 
the  spiral  course  of  the  egg ; 
and,  when  it  has  arrived  at 
the  narrower  j)art  of  the 
oviduct  called  the  isthmus, 
denser  layers  of  albumen  are 
again  excreted,  forming  the 
*  membrana  putaminis,'  fig. 
130,  A,  d.  So  inclosed,  and 
having  acquired  its  ovate 
form  with  the  small  end  to- 
ward the  cloaca,  the  egg 
passes  into  the  *  uterine '  or 
shell-forming  dilatation,  fig. 
128,  k. 

Artificial  coagulation  of 
the  albumen  or  *  white'  of 
an  egg  enables  one  to  de- 
monstrate its  disposition  in 
ppirally  deposited  layers. 
It  is  at  the  latter  stage  of 
the  egg's  formation  that  the 
spiral  structure  of  the  cha- 
lazaj becomes  apparent.  The 
time  of  the  passage  of  the 
egg  from  the  infundibulum 
to  the  uterus,  in  the  Com- 
mon Fowl,  is  from  four  to 
six  hours.  Here  it  may  remain  from  twelve  to  twenty  hours.  On 
entering  the  *  uterus,'  a  thickish  white  fluid  exudes  from  the  inner 
surface  of  the  cavity  and  condenses  on  the  *  membrana  j)utamini8,' 
forming  thereon  a  cellular  matrix  in  which  soon  appear  particles 
of  calcareous  matter,  which  from  the  shape  they  assume  in  the 
interstices  of  the  matrix  appear  to  be  crystalline. 


8U{m  uf  C9K  in  orlduct.  cocriii. 
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Allen  Thomson  has  given  the  annexed  illustration,  fig.  132,  of 
the  structure  of  the  lining  menibrane  of  the  shell  and  of  the 
proper  shell-membrane,  a  shows  the  '  lining  membrane  of  the 
shell ;  a,  thick  matter  or  felty  portion ;  thin  shred  of  the  torn 
margin,  showing  the  peculiar  fibrous  tissue  of  which  the  various 
layers  are  comjxised ;  B,  outermost  layer  of  the  same,  which  is 
incorporated  with  the  shell;  some  of  the  angular  corpuscles  of 

the  shell  lying  upon  the  fi- 
brous substance  and  firmly 
united  with  it,  C,  small 
portion  of  the  calcareous 
^  shell,  which  has  been  steep- 

''tX^^i^'^  dilute  hydrochloric 

I^F^ivr  acid,  showing  the  remains 
of  opaque  calcareous  sub- 
stance in  the  centre :  here 
and  there  clear  oybI  cells 
seen,  as  at     a.'  * 

The  colour  of  the  egg- 
shell depends  on  pigmental 
matter  secreted  by  particu- 
lar follicles  of  the  villous 
membrane  of  the  *  uterus ;  * 
and  either  incorporated  uni- 
formly with  the  outermost 
layer  of  the  shell,  as  in  the 
Thrush:  or  deposited  in 
cells  more  or  less  dispersed 
or  aggregated  in  patches. 
The  shell  consists  in  great 
part  of  carbonate  of  lime, 
with  a  little  carbonate  of 
magnesia  and  phosphate  of 
lime  and  magnesiai 

The  appeaianoe  to  the 
unaided  e^e  of  pores  on 
the  surfiuse  of  the  shell  is 
due  to  the  impressions  of  the  villi  of  the  formative  membnme: 
the  permeabilily  of  the  shell  by  the  atmosphere  depends  on  a 
more  minutely  porous  texture.  The  first  effect  of  this  per- 
meability is  penetratum  of  air  between  the  layers  of  the  lining 
membrane  as  the  contents  of  the  egg  condense  by  cold  and  ev»- 

'  ooonn.  p.  68. 
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poiation  after  it  is  laid.  The  air  amimulates  between  layers 
of  the  '  ineiiil)i  aiia  putaiiiiniii"  at  the  great  end  of  the  e«^g,  fig.  130, 
A,  /;  aud  in  increased  quantity  as  the  other  contents  become 
condensed  into  the  tissues  of  the  cliu  k,  when  it  is  averred  to 
contain  rather  more  oxygen  tlian  in  ordinary  atmospiieric  air. 
Such  is  the  complex  strm  tm  e  of  the  errvr  of  a  bird  prior  to  its 
becoming  suhject  to  the  inthience  of  incubation. 

It  differs  from  tlie  egg  of  the  cold-blooded,  nou-iuruljatlng 
Ovipara,  in  the  presence  of  the  chalazie  and  of  the  air-ebauiber, 
in  the  iirmer  and  more  complex  structure  oi"  the  shell,  and  in  the 
greater  proportion  of  albumen :  in  all  which  differences  may  bo 
discerned  a  prospective  adaptation  to  the  business  of  hatching. 

Tlic  iicatricula,  or  germ,  is  on  the  nppennost  part  of  the 
floatuiLT  vnlk,  the  thinner  part  of  wliich,  occupying  the  nuclear 
tract,  tig.  l.'iO,  ii,  r,  makes  that  half  of  it  the  lightest.  Pressure 
of  the  upfloatcd  germ  against  the  shell-wall  is  moderated  by  the 
weight  of  the  denser  all)umen  forming  the  chalaznp,  ib.  A,  r;  and 
their  uisual  attadnnents,  a  little  below  the  axis  of  the  yolk,  help 
also  to  make  tlie  <  imtricnlar  half  the  ligliteM  an<l  uppermost. 
Under  ordinary  cii cuiu^^allces  rotation  of  tiie  egg  takes  place  on 
it.-^  litng  axis,  and,  if  a  frfsh  egg  be  so  turned  round,  *  the  cica- 
tricula  will  keep  its  ]>uMtiou  upwards  for  <»ne  turn  or  a  little 
more,  and  then,  by  the  twisting  of  the  chala/.;e,  the  yolk  is  carried 
completely  r<»und,  aiul  balances  itself  again  with  the  cicatricula 
uppermost  in  its  new  position.''  The  main  function  of  the 
chalazaj  is  to  keep  the  yolk  more  steady  in  the  albumen,  and  to 
nuHlerate  the  effects  of  any  violent  movement  or  rotation  of  the 
egg.  The  domed  form  of  the  hard  shell  enables  it  to  liear  the 
superincumbent  weight  of  the  brooding  mother.  How  these 
niodirications  of  the  oviparous  egg  in  anticipatory  relation  to  the 
needs  and  conditions  of  incubation  can  be  brought  about  ))y 
*  selective'  or  other  operations  of  an  unintelligent  nature  is  not 
conceivable  by  me. 

Birds  differ  in  the  number  of  eggs  which  they  lay  at  one 
breeding  season,  in  the  relative  siite,  in  the  shape,  colour,  sur- 
face, and  thickness  of  the  shell  »»f  the  laid  eggs.  The  Frigate 
Bird,  Albatross,  Penguin,  Fulmar.  Petrel,  Awks,  and  s«»me  otiier 
sea-birds  that  brood  on  bare  rocks,  severally  lay  aud  hatch  but 
one  eg'j  at  a  season:  the  Skua  Gulls  (Lcsfris)  have  two  eggs; 
the  Common  Ciulls  (Lnrus)  three  egii- ;  the  Lameliirostres  aud 
most  iidllinfT'  liatrh  nniny  eggs  at  a  brood. 

The  Cuckoo  has  the  smallest  egg  in  pro|>orLion  to  its  size,  tho 

*  COOVIII.  p. 


Digitized  by  Google 


A^^AXOMY  Oh  VLUTEBRATEb. 


Apteryx  the  largest :  in  tbls  species  it  weighs  14^  oz. ;  the  entire 
bird  $0  oz. ;  ao  that  tbe  egg  is  nearly  equal  to  one-fonrtli  of  the 
parent.    The  hngest  known  egg  of  a  bird  is  that  of  the  extinct 

yF.pl/ornis  of  Madagascar,  The  following  are  comparative  ad- 
measurements of  this  egg  and  that  of  an  Ostrich : — 


StruthI 

in. 

la.  Liuee. 

In. 

Lines. 

Length  of  major  axis 

• 

* 

• 

IS 

a 

6 

JO 

„       „  minor  axis  . 

• 

• 

9 

4 

6 

0 

Greater  circumference 

• 

34 

2 

17 

10 

Smaller  circumforcnco 

• 

• 

• 

29 

2 

16 

6 

The  contents  of  the  egg  of  the  JEpyomis  are  computed  to  equal 
those  of  6  Ostriches'  eggs,  and  148  hen's  eggs. 

The  eggs  of  most  Owls,  of  some  Penguins  {S^henUcus)^  of  the 
King-fishers  {Aleedo,  Halcyon),  of  the  Plantain-eaters  {Mus^ 
phaffo),  and  Bee-eaters  {Mercps),  are  those  that  have,  or  nearly 
approach  to,  the  spherical  shape :  those  that  furthest  depart  from  it^ 
or  have  the  longest  shape,  are  the  eggs  of  the  Megapode  and  Al- 
batross. The  oval,  or  ovate,  is  the  common  form  in  birds  (fig.  130, 
and  vol.  i  p.  599,  fig.  420,  c) :  the  eggs  with  the  narrowest  small 
end,  ib.  D,  are  those  of  the  Plovers,  Snipes,  Sand-pipers  and  allied 
Waders,  which  usually  lay  four  eggs,  packed  in  the  smallest 
compass  by  the  meeting  of  the  smaU  end  of  each  in  the  centre. 
The  egg  of  the  Chinese  Jacana  (Parra  tinensU)  is  like  a  top  in 
shape.  The  eggs  of  Grebes,  Cormorants,  Pelicans,  are  elliptic 
The  shell  of  the  Emeu's  and  Ostrich's  egg  has  a  rough  exterior : 
that  of  the  Gangas  {Pferocles)  has  a  glossy  smoothness.  The 
shell  of  the  egg  of  the  Ostrich,  Emeu,  and  Cassowary  is  rela- 
tively thicker  than  that  of  the  Aptery    Mound-bird,  and  Dinomis. 

{  170.  Accessary  Generative  Structures  and  External  Sexual 
Characters* — The  exception  to  the  rule  of  incubation  is  given  by 
the  Megapodial  bbrds  of  the  Australasian  Islands.  A  huge  mound 
of  decaying  vegetable  matter  is  raised:  the  eggs  are  deposited 
vertically  in  a  cirde  at  a  certain  depth,  near  the  summit,  and 
the  chick  is  developed  with  the  aid  of  the  heat  of  fermentation. 
The  large  -ize  of  the  egg  relates  to  affording  a  supply  of  material 
siilHcing  for  an  unusually  advanced  state  of  developement  of  the 
cliiek  at  exclusion;  whereby  it  has  strength  to  force  its  way  to  the 
surface  of  the  hatching-mound,  ivith  wings  and  feathers  sufficiently 
developed  to  enable  it  to  take  a  short  flight  to  the  nearest  branch 
of  an  overshadowing  tree,* 

A  steady  continuous  temperature  of  about  100°  Falir.  is  the 
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requisite  condition  of  successful  incubation:  the  heat  of  tlic  sun 
alternating  with  the  cold  of  night  would  hatch  no  bird'a  egg.  The 
Ostrich  deposits  about  fifteen  eggs  in  a  hollow  of  the  sand  :  the 
male  bird  incubates,  and  the  young  are  excluded  in  from  fifty  to 
sixty  days.  The  following  are  the  periods  of  incubation  in  some 
birds  of  the  different  orders  of  the  class :  the  female  sitting  where 
not  otherwise  stated : — 


^  1^    at  tflnVfl 

American  Oitridi    ■  . 

(tihra  americana)  male  •      .      •  . 

.  36 

Mooriik  •       •       »  • 

(^Coaunritu  Denntttii)  male    .       .  ■ 

.  4S 

Ktneu      .      .      .  . 

( Dromnius  Nova  Hullandiee)  mak) 

.  54 

Poffin     .      .      .  . 

f  hrttttrtcuUt  tircilca\  ... 

Guillemot      •  • 

(C^ria  Iroijr)  .      »      •      •      «  . 

.  SO 

Hooded  Merganwr  ,  « 

(Afergus  cucutlaiMM)       «       •       .  . 

.  31 

Slh'Mritke        .       .  . 

i  Tudorjin  m/zMiiiatf  \       .        ^        ^  ^ 

Muddy  Wildrako    .  • 

(^CuMorca  ruttfa)    .       .       .       •  , 

.  :io 

hammer  Duck 

(Aix  sTiunsii\  .... 

Mandwiii  Dock 

^A*M  fgeUerienkUa)  ■      .      •      »  • 

.  SO 

Sandwich  Tshiiid  GoOfiA 

{ Bernicla  Miindoictn)ttit\           .       .  . 

.  31 

( "iT*o[)sig  Gooso      .  . 

(^Oereojysts  A^ofrr  UoUuuuIict) 

.  35 

liiack  Bwan    .      .  . 

(^Ojf*fHwi  atiatus)    •       •       .       .  . 

.  35 

WbitdSCfwk  . 

(^Ckmia  alba)       .      .      .      •  . 

«  SI 

Heron     .      •       •  • 

(^Artieo  cinfreu)      •       .       «       •  • 

*  Aw 

Dotterel  .      •       .  , 

.  20 

Capercailzio    .  . 

(Tcirao  urvgaliun)  .       •       •       .  . 

.  28 

CaliforniaQ  Quail  . 

{CaUipepla  calj/ornica)  .      *      •  . 
(Gal!Bpka$i»  Htt^ii)       .      .  . 

.  21 

Pnrpla  Kalecge 

.  S4 

Impejan  Pbeanuit  .  . 

(^Lophophorus  fmptifatrtui)       .  . 

.  28 

Crown  Pigeon  . 

(^GnuKit  comnatfi')   .        .       .       .  , 

.  28 

Uingdove 

(^Coiumlta  palumltay        .       .       .  . 

.  16 

Cuckoo  .... 

iCneuItu  eammu)  faj  ncdge>Spiimnr  or 

Other 

Passerines  

.  14 

Belted  &ingfi>bcr  . 

(Alcedu  aU  i/ou  )      •       .       ,       ,  . 

.  16 

Martin    .       .       .  . 

{/{irundo  uri/ica}    .       .       .       .  . 

.  13 

Skylark  .      .      .  . 

(^Alauda  arvenxU)  .       .       .       .  . 

.  15 

Cbaffloch 

iFrmgUkttirM*)  

.  IS 

Wren      .      .      .  . 

( Troglodyte*  vulgarit)     •       .       .  . 

.  m 

Bullfinch .... 

(^Pyrrhnh  vnhjaris)         .       .        .  . 

.  15 

Starling  •      .      .  . 

^Sturnut  vulgaris)         «       *       .  . 

.  16 

Xftven    ...  * 

(Cbrmiteorax)  

.  SO 

Golden  Eagle  . 

(Aqmhd&jfHUtM)      .      .      .  . 

.  30 

Most  birds  nidify,  ie.  prepare  a  receptacle  for  the  cgt^g,  to 
aggregate  them  hi  a  space  that  may  be  coYored  by  tlie  incuba- 
ting body  (sand-hole  of  Ostrich),  or  superadd  materinU  to  keep  in 
the  wannth.  The  most  complex  '  nests  *  are  made  by  birds  of 
the  Binging  order :  and  of  these  the  pendent  nests  of  the  Weaver- 
Birds  (Ploceidfc)  are,  perhaps,  the  most  perfect  and  remarkablo 
examples  of  nidification.  Not  only  does  the  female  construct  her 
nest  for  incubation ;  but  the  male  makes  his>  in  the  form  of  a  bec- 
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hive^  open  at  the  bottom,  Avhich  is  crossed  by  a  perch  of  Btrong 
woven  material,  upon  which  he  sits,  sheltered  from  the  tropical 
sun  or  storm  by  the  dome  above,  which  is  suspended  to  a  branch 
near  that  to  which  is  attached  the  nest  of  the  female^  whom  he 
solaces  during  her  confinement  with  his  song. 

Certain  conirostral  Cant&res  stOl  practise  in  the  undisturbed 
wilds  of  Australia  the  formation  of  marriage-bowers  distinct  from 
the  later-formed  nestbg-place.^  The  Satin  Bower^Bird  {PtUmuh 
rhynchus  holaterieeus),  and  the  Pink-necked  Bower-Bird  {Chk- 
mydera  ntaeulata),  are  remarkable  for  their  construction  on  tlie 
ground  of  avenues,  over-arched  by  long  twigs  or  grass-stems,  the 
entry  and  exit  of  which  are  adorned  by  ])early  sheUs^  bright- 
coloured  feathers,  bleadied  bones,  and  other  decorative  materitds, 
which  are  brought  in  profusion  by  the  male,  and  variously  «p- 
ranged  to  attract,  as  it  would  seem,  the  female  by  the  show  of  » 
handsome  establishment  For  receiving  and  incubating  her  eggs 
the  female  builds  a  nest,  like  that  of  the  Magpie,  in  the  conceal- 
ment of  a  tree.* 

Most  birds,  on  reaching  maturity,  show  ezteniaK  sexual  chs- 
racters.  In  Diurnal  Baptores  the  female  is  larger  than  the  male; 
in  ,GaUinacea  and  most  other  polygamous  birds,  she  is  lees.  In 
this  suborder  the  male  is  most  conspcuons  by  the  richness  and 
beauty  of  his  colours;  and  a  difference  in  this  respect  is  the  moat 
common  sexual  character  in  birds,  with  the  frequent  addition  d a 
peculiar  size  and  shape  of  certain  feathers,  especially  at  the 
breeding  season,  when,  e.g.,  the  male  o{  Machetes pu^nax  hecomei 
the  *  Buff,*  the  female  the  *  Reeve.'  There  is  a  sexual  difference 
in  the  length  of  the  beak  in  the  Hook-billed  Parrots  (Nestor), 
in  the  Apteryx,  and  in  the  singular  genus  of  Hiiinming-13ird 
{Andr&dofif  Gould),  in  which  the  end  of  the  longer  bill  of  the 
male  is  dentated.  The  comb  and  wattles  of  the  Cock  exemplify 
sexual  characters  of  certain  cutaneous  ap])en(laires :  his  spur 
and  that  of  other  GalliiKP  and  I^/idsianidce,  including  Mi'lrayru, 
is  a  wea])on  of  combat,  analogous  to  the  horns  of  jMamiiialian 
Herbivores. 

Swii'ts,  Swallows,  Doves,  Crows,  King-fi^hers,  Parrots,  and 
the  majority  of  the  Wadei-s  are  examples  of  birds  in  wliich  die 
sexes  are  alike. 

'  I.VI1.  and  LTTir. 

*  It  U  possible  that  the  old  propcnsiij  of  ihc  Magpie,  Jackdaw,  and  some  othcn  of 
oor  Goniroitnlf,  to  which  the  Annralian  Bower-Birda  are  ftlUed,  tu  pilfer  glitteriac 
object*,  inay  be  the  rctnnant  of  a  similar  instinct  which  the  increase  of  human  popula* 

tiori  IfH";  c(..,vo(!  v.ut  of  them  :  fhe  conditions  of  cullivallon  reJiicing  the  bixda  (0  A* 
coiiiitructiuufi  which  arc  essential  to  the  contiDnance  of  the  spcci(». 
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CHAPTER  XXIV. 

DEVELOPOIEXT  OF  BIRDS. 

§  171.  The  licat-force  being  converted  into  movenKiits  of  the 
parts  ofMlic  germ  thereto  suhjeeted,  tlie  expansion  of  tlie  pellucid 
area,  fig.  133,  a,  is  the  first  sign  of  ?ucli  change  :  in  this  area  ap- 
pears the  embryonal  trace,  in 
the  form  of  the  j>arallel  lines 
called  *plic:e  primiti\ iii,'which 
diverge  to  form  the  cepha- 
lic dilatations.  Concurrently 
with  the  appearance  of  the 
myelencephaluus  columns,  ib. 

the  blood-lakes  ex[)and  in 
the  surrounding  haloncs,  and 
tracts,  ib.  /<,  //,  along  which 
pa.ss    colourless  bldod-jtarti- 
cles,  extend  from  below  the 
cejihalic  expaiisirtn,  />,  to  the 
])eripheral  sinuses:  as  the  j>ro- 
to-vertebra^,  ib.  r,  w,  begin  to 
a])pear  at  the  sides  of  the  my- 
clon,  the  red  colour  is  ac- 
([iiiiH'd  by  the  bloinl,  and  the  heart  is  made  more  manifest,  by  its 
m(>vcments,  as  the  *  punctum  saliens,'  ib.  r.    A  distinct  membrane, 
*  serous  layrr,'  il).  .v,  .v,  is  formed  n])on  the  germ  and  blastoderm:' 
the  cephalic  end  ol'  the  (inbryo  rises  from  the  surface  of  the 
blast<Klern»,  and  then  curviii'r  down,  sinks  into  it.  lorminj;  for 
itself  a  kind  of  IukkI  of  the  serous  layer:  it  is  reflected  at  to 
(ihow  the  fossa,  f.     This  hood  n"raduallv  extends  from  the  marijin 
of  the  fossa  over  the  Imdv,  and,  nKetinjx  a  similar  fold  tornied 
by  the  projecting  and  incurved  tail,  closes  ovei-  the  germ  on  the 
ujtper  side,  '  making  a  circuniscribed  cavity  which  is  tiie  anuiios,'' 
fig.  l.'M,  a.    The  j>rogress  of  difi'erentiation  of  layers  of  the  blasto- 
dcnu  has  gone  ou  beneath:  in  lig.  183>  the  '  seroufl  layer'  b  is 

*  x%,  ToL  r.  p.  XX.  Ib.  pi  Ixix.  fig.  7>  *  Ib.  p.  xx. 
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partially  reflected  from  tlio  '  vivsciilar '  and  *  mucous  layers.' '  The 
muccms  layer  is  concerned  in  the  funnation  of  the  intestinal 
canal ;  and  beyond  this  part,  which  is  at  fii*st  an  (ti)en  groove,  the 
mucous  layer  expands  over  the  yolk,  which  it  ultimately  incloses, 
the  marf^ins  of  the  *  vitelliclc '  so  fonned,  fig.  134,  c,  contracting 
and  uniting  at  the  side  o])[>osite  to  the  embryo  at  a  sort  of  'ci- 
catrix, to  which  the  last  part  of  the  slime  adheres.'  *  The  vitelliclc 
is  richly  vjuscular,  and  the  surface  next  the  yolk  is  auOTienteil  hv 

«  •  XT'  • 

rugae,  the  yolk  in  contact  with  which  becomes  more  liquid,  and 
loses  its  coagulability. 

At  about  the  fortieth  hour  in  the  Common  Fowl  the  limbs  l)e2iii 
to  bud  forthj  and  a  vesiclo  to  protrude  from  near  the  anal  end  of 

the  intestine  which,  rapidly 
ex  pn  tiding,  fig.  1 34,  b,  s])reads 
over  the  eml>ryo,  acquiring 
a  close  adhesion  to  the  am- 
nios, ib.  f7,  but  remaining 
distinct  from  the  vitelliclc, 
ib.  r,  c,  over  which  it  spreads, 
finally  inclosing  the  albu- 
men, and  interposing  itself 
between  the  latter  and  the 
lining  membrane  of  the  shell. 
Bloodvessels  called  *  umbili- 
cal,* fig.  134,  are  coextend- 
ed  with  this  bag,  which  Hunter  '  called  "  allantois,"  from  its  con- 
♦Ainwg  urine.'  ^  But  that  it  *  answers  other  important  purposes, 
must  appear  evident  £rnm  its  extent  being  far  beyond  what  would 
answer  that  purpose.  I  conceive  that  the  side  of  the  bag  which 
Burroiinds  and  is  in  contact  with  the  albumen,  acts  as  the  chorioD 
or  placenta,  for  it  must  be  by  this  surface  that  the  albumen  is 
absorbed  and  the  chick  supported.  The  external  part  of  the  bsgj 
which  comes  in  contact  with  ihe  sheU,  I  conceive  to  act  as  InngB* 
for  it  is  the  only  part  that  comes  in  contact  with  the  air:  and  on 
opening  an  egg  with  the  chick  pretty  far  advanccil  I  find  that  the 
blood  in  the  veins  is  scarlet,  while  it  is  of  the  Modena  colour  in 
the  arteries  of  the  bag.'^  Schwann's  experiments  show  that  the 
developement  of  the  chick  may  go  on  without  oxygen  to  the 
fifteenth  hour,  and  that  the  life  of  the  germ  is  not  destroyed  till  be- 
tween the  twenty-fourth  and  thirtieth  hour,  but  that  the  presence 
of  oxygen  is  essential  to  further  developement.*   As  the  embryo 


'  The  niucons  layer,/,  is  shown  reflected  from  the  Taflcalar  am,  g. 
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grows  it  turns  iij)on  its  left  side,  exhibiting  a  profile  view;  it  then 
indeut.s  the  yolk,  and  finally  almost  divides  it  into  two  portions. 

The  formation  of  the  (liLjestive  tube  and  glands  closely  follows 
the  course  described  in  \\>1.  1.  pj).  G04,  GOa,  GOG. 

The  embryo  of  the  bird  is  that  whieh  l)est  admits  the  observa- 
tion of  the  commencement  of  the  devel«)pement  of  the  organ  of 
hearing  by  a  superficial  dejjression  of  the  cephalic  blastema,  fig. 
135,  to  meet  the  process  irom  the  epencephalon,  ib.  e,  which 
forms  the  acoustic  nerve.  The  lining  of  the  depression  becomes, 
on  the  closure  of  the  slit,  the  ])roper  tunic  of  the  labyrinth.' 

The  vesicle  of  the  labyrinth,/*,  swells  into  four  dilatations,  of 
which  three  are  '  ami)ullar,' and  the  fourth  *coclilear:*  the  am- 
pullar dilatations  extend  into  very  slender 
canals,  at  first  almost  in  the  same  plane,  hy 
which  they  are  brought  into  mutual  com- 
munication :   as  the  canals  expand  and  elon- 
gate, they  assume  their  characteristic  relative 
])ositions  as  external, superior,  ]»ostcrior:  the 
liiinU  r  end  of  the  external  canal  being  ex- 
ten<led  beneath  the  posterior  canal.  The 
cochlear  dilatation  curves  as  it  elonixates :  an 
inner  layer  becomes  distinct  from  the  common     Fonypwtof mbfrocuck 
membrane,  and  forms  the  acoustic  lamina,  ■eeonddv. 

As  in  the  devdopement  of  the  eye,  the  production  of  tlic  nerve- 
])rocess  frcmi  the  cerebral  centre  is  the  first  stej),  the  infolding  of 
the  superficial  blastema  to  meet  the  nerve  is  the  next :  the  so- 
called  'cutaneous  follicle'  becomes  a  circumscribed  sac  or  vesicle, 
in  which  the  changes  and  developements  next  procee<l,  c<mverting 
the  vesicle  into  *  acoustic  labvrinth'  or  *  cveball."  In  each  case 
neural  elements  of  two  vertebra)  become  modified  to  lodj^e  and 
j)rotect  the  sense-organs,  forming  respectively  the  recesses  called 
*otorrane'  and  *  orl)it,'  the  one  between  the  wcipital  and  parietal 
vort<  bra\  the  other  between  the  frontal  and  nasal  vertebrae  The 
j)art  of  tlic  outer  l)lastemal  layer  of  the  head  which  sinks  to  meet 
tlie  process  from  the  mesencephalic  dilatation,  ra|)idly  changes  its 
follicular  into  a  vesicular  state  :  the  vesicle  elongates,  l)ending 
round  the  cell-mass  in  which  the  crystalline  lens  is  formed  (as  in 
the  Fish,  Voh  I.  fig.  423),  and  by  the  meeting  of  the  two  ends,  the 
*  choroid  fissure,'  at  the  lower  part  of  the  eyel)all,  figs.  134,  135, 
results.    The  mesencephalic  process^  or  *  optic  nerve,'  expands  at 

■  In  %%,  Isai.  fig;  S,  embryo  of  tlie  Goom  at  die  thirtieth  hour  of  inenbetioii,  the 
open  itete  of  the  tooiutie  mm  to  enroneooely  deacribcd  m  *  mcatu: '  but  the  mc  be* 
eoaee  eloeed,  and  the  tjnnpaaiiin  and  iu  penage  are  later  developeaente. 
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the  back  part  of  the  droular  8ae»  and,  in  the  course  of  its  mota- 
tion  into  eyeball,  lines  its  posterior  part  with  the  layer  called 
retina,  intermpted  only  by  the  cicatrix  of  the  inferior  and  rajiidiy 
blended  ends  of  the  primitive  eyeHMC  The  transparent  layer 
ooYering  the  fore-part  of  that  sac  and  the  inclosed  lens  is  meta- 
morphosed into  cornea.  Other  layers  of  the  sac  are  differentiated 
into  choroid,  ciliary  processes,  iris;  and  a  fold  of  the  yascular 
layer  protrudes  through  the  choroid  fissure  as  a  pcrostent  stnio- 
ture  in  birds,  in  which  the  '  pecten '  significantly  marks  a  canons 
step  in  the  developement  of  the  eye  in  all  Vertebrates.  Of  tbe 
appendages  of  the  eye  the  membrana  nictitans,  fig.  137,  a,  is 
the  first  to  appear,  the  lower  lid  and  then  the  u[)pcr  lid  Mow. 
It  is  a  mistake  to  speak  of  the  labyrinth  or  eyeball  as  being 
formed  by  the  integument,  or  beginning  as  '  cutaneous  follicles,' 

for  the  structures  of  the  skin  are  not 
differentiated  when  they  first  appear; 
a  layer  of  cellular  or  primitiTe  blasteoMl 
tissue  represents  the  integument,  and  a 
greater  number  of  ceUs  is  aggregated  at 
the  points  which  tend  inward  to  meet 
the  productions  from  the  nervous  centres. 
After  tlie  essential  organs  of  sense  arc 
cstahUshed,  then  is  the  skin  developed 
and  modified  more  or  less  for  their  pro- 
tection, (urniijiL:;  the  outer  ear  and  the 
eyelids:  Init  huih  ]ias.-aii;es  are  closedby 
transj)arent  mcnihranes,  as  '  car-<lrura ' 
and  '  cornea.'  Only  in  the  case  of  the 
olfactory  organ  does  tlie  ])riinitive  de- 
pression, fig.  135,  r,  retain  its  outlet, 
and  in  the  bird  and  other  air-hreatlicrs, 
it  also  connnunicates  with  the  air-pa5- 
sacre  :  havintj  the  tegument  superadded 
and  modified,  in  most,  as  external  nostril 
and  nose. 

As  in  the  Lizard  and  Snake  (\(d.  I. 
fig.  444),  so  in  the  15ird,  the  four  verte- 
bral semnents  constitntinij  the  head  are 
shown  bv  the  embrvolojrical  character^ 
and  course  of  formation  of  the  '  maxil- 
lary '  arch,  figs.  135,  136,  Oy  the  Miian- 
dibnlar  arch,'  ib.  b,  the  *  hyoidean  arch,' 
ib.  c,  and  the  scapular  arch,  ib.  d.    The  transitory  branchial  arte- 
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lies,  fig.  136,  from  tlie  aortic  bulb  ti*avert»e  the  tiaaue  between  the 
hyoidean  aud  scapular  arclios. 

The  channels  which  return  the  bbjod  from  the  vitellicle  arc 
the  *  transverse '  and  '  lougitudinal  vitelline'  veins:  the  first  arc 
so  called  because  tliese  trunks  pass  to  tlie  eiiil*ryo  at  right  angles 
to  its  axis  :  thev  are  the  larjre^t  returninji;  channels :  the  l<>n<ritu- 
dinal  veins  run  parallel  with  tlie  axis  of  the  embryo  and  are  of* 
smaller  size.  The  right  anteriur  longitudinal  vein,  fig.  l.'3G, 
becomes  the  right  precaval  and  receives  the  remains  of  the 
riijht  transverse  vitelline  vein,  ib.  s.  as  the  rin;ht  vena  azviros. 
The  left  anterior  Inn- it inlinal  \'itenine  vein,  ib.  y;,  is  also  [>er- 
sistcnt  as  the  left  precaval,  and  enters  in  tli>  matiirc  bird,  as  in  the 
embryo,  the  jKJsterior  or  lower  (sacral)  part  of  the  auricle.  The 
left  transverse  vitelline  vein,  ib.  r,  is  also  subsequently  reduced, 
by  receiving  only  the  vertebral  veins  of  that  side,  t,  to  the  con- 
dition <tf  a  so-called  '  azygos  vein.'  The  main  trnnk  of  the  post- 
caval is  the  result  of  the  returning  channels  from  the  abdominal 
viscera  and  the  hiijd-limbs,  at  a  later  stage  of  developement. 
There  is  but  one  principal  posterior  longitudinal  vitelline  vein, 
ib.  Aviiich  aniistomoses  ^vith  the  left  transverse  vein  as  it  enters 
the  cnd)ryo:  the  homotype  of  the  right  side  appearo  as  one  of 
the  ordinary  small  tributaries  of  the  right  transverse  vein. 

The  auricle  which  by  the  dilatation  of  the  left  side,  ib.  u, 
appears  to  be  double,  receives  the  venous  blood  at  its  right 
division.  The  left  one,  subsequently  receiving  the  veins  from  the 
lungs,  is  ultimately  separateil  from  the  left  precaval  and  light 
auricle  to  which  that  vein  is  conducted  and  restricted. 

The  ventricular  part  of  the  heart,  ib.  u,  at  the  second  day  of 
incubation,  is  in  the  form  of  a  bent  tube,  curving  from  behind 
downward,  forward^  to  tlie  right  and  upward,  continued  insensibly 
into  the  part  repreaentmg  the  '  aortic  bulb,'  ib.  /,  in  which  the 
septum  first  appears^  ultimately  dividing  the  ventricle  into  two. 

At  this  stage  the  piers  of  the  maxillary  arch^  ib.  a,  appear  as 
buds  from  beneath  the  eyeballs;  the  naso-prcmaxillary  [iroccss, 
ib.  /,  is  above  their  interspace ;  the  piers  of  the  mandibular  arch, 
ib.  b,  bf  and  those  of  the  hyoidean  arch,  ib.  c,  e,  follow  in  close  suc- 
cession. The  blastcmal  base  of  the  scapular  arch,  ib.  d,  d,  slightly 
projects  at  the  sides  of  the  *  fovea  cnrdiaca : '  the  piers,  now  separate, 
ultimately  meet  in  front  of  the  heart,  and  accompany  it  in  its 
retrograde  course.  The  mesencephalon,  ib.  m,  is  the  largest 
segment  of  the  brain,  in  connection  with  the  eyeballs,  o,  o. 

When  the  heart  has  assumed  its  form,  as  such,  distinct  from 
the  great  trunks  rising  from  it,  the  arteries  from  the  base  of  the 
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ventricle  appear,  durinj;  the  foetal  circulation  of  the  chick,  to  l>e 
two:  that  to  the  right  bifurcates,  one  divLsion  supplying  the  head 
mid  wings,  the  other  winds  over  the  right  bronchus:  that  to  the 
left  also  bifurcates:  its  left  division  arches  over  the  left  bronchiir* 
and  anastomoses  with  the  right  arch  a  little  below  and  bchin<l  the 
apex  of  the  heart :  its  right  diWsion  arches  over  the  back  of  the 
heart,  bending  rather  to  the  right,  ami  anastomoses  with  the  rii^ht 
aortic  arch,  just  above  the  other  *  ductus  arteriosus.*    Eac  h  of 
these  divisions  of  the  left  primary  arterial  trunk  sends  off  a  brauch 
to  its  oorresponding  lung,  and  as  the  lung  expands,  and  es|>eciaUj 
begins  to  act  as  surh,  toward  the  close  of  incubation,  the  I-l  »<»d  is 
diverted  into  the  pulmonary  vessels,  and  the  channels  beiuw  them 
shrink  and  disappear.    The  left  primary  artery  is  retained  as  tlie 
trunk  of  the  pulmonaries,  and,  through  the  changes  in  the  interior 
of  the  ventricle,  this  arises  exclusively  from  the  ventricle  answer- 
ing to  tlie '  right '  in  Mammals,  whilst  the  retained  aorta  rises  from 
the  *  left'  ventricle.    It  arches,  however,  over  the  right  bronchus. 
There  is  no  left  aorta  in  birds  distinct  (as  in  fig.  335,  A,  Vol.  I. 
p.  509)  from  the  trunk  (ib.  p)  which  gives  off  the  artery  to  the  leA 
lung:  only  one  arterial  trunk  arises  finom  the  tight  irentricle 
instead  of  two. 

The  air-cells  begin  at  the  lower  point  of  the  lungs,  like  a  small 
hy<]atid,  and  extend  further  and  further  into  the  abdomen,  before 
the  kidneys :  they  are  at  first  full  of  a  fluid;  as  they  extend,  they 
are,  as  it  were,  squeezed  among  the  intestines  and  at  last  fill  with 
tliom  the  whole  abdomen.  Soon  after  other  air-cells  are  forming. 
The  lungs  are,  at  first,  free,  as  in  Reptiles,  but  aflerwards  b^iB 
to  be  attached  to  the  ribs  and  spine.   In  the  female  embryo  we 

first  *  observe  two  oviducts,  one  on  each 
side'  (as  in  fig.  127,  but  •  before 
hatching  the  right  seems  to  decay.' ' 
<  There  are  two  kinds  of  down  on  the 
chick,  one  long,  which  comes  first,  about 
two  or  three  days  before  hatching;  a 
second,  or  fine,  down  forms  at  the  roots 
of  the  other.*  '  The  little  homy  knob 
at  ^e  end  of  the  beak,  fig.  137,  b,  with 
which  it  breaks  the  shdl  wben  ami«d 
at  full  time,  is  also  gradually  forming 
into  a  more  regular  and  determinate 
lK)int,  the  progress  of  which  is  seen  firom  the  first  figure  to  the 
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sixth.'  ^  As  the  contents  af  the  egg  become  condensed  by  em- 
bryonal developement,  the  air-cayitj^  fig.  130,  /,  expands.  '  The 
chick  some  time  before  birth  has  a  kind  of  mixed  action  of  life, 
for  it  breathes,  and  we  can  hear  it  pip  and  chirp  in  the  e^ ;  and 
we  find  the  adult  circulation  through  and  out  of  the  heart  is 
formed  before  birth :  yet  it  is  receiving  its  nourishment  from  the 
remaining  slime.' ' 

The  *  slime '  or  albumen  is  reduced  to  tlie  small  mass  adhering 
to  the  cicatrix  of  the  yitellicle,  and  with  this  and  its  yolk  little 
decreased  in  bulk,  it  is  taken  into  the  abdomen,  where  it  serves  to 
nourish  the  chick  in  the  first  feeble  days  of  its  £^e  life :  the  pedicle 
of  the  vitellicle  communicates  with  a  loop  of  the  small  intestine. 
The  allantois  is  left,  lining  the  shell :  the  urachus  is  obliterated. 
The  anus  has  a  dorsal  position  near  the  hind  end  of  the  trunk  in 
the  nestlings,  fig.  113,  a. 

The  degree  of  devdopement  under  which  the  young  bird  quits 
the  egg  differs  in  different  groups  of  the  class.  It  is  naked  or 
covered  with  down  only,  and  is  dependent  on  the  parents  for 
shelter  and  support,  in  tiie  orders  Baftobes,  Sgansobes,  Voli- 
TORE8,  Cantobes,  in  the  Rasorial  suborder  Gemitobes  (Doves, 
p.  D) ;  in  the  Ghrallatorial  CuUriroUres  (Herons,  &c.  ]).  9) ;  in  the 
Natatorial  Lanffipennaia  (Gulls,  &c  p.  9),  and  TWtpa/moto 
(Pelicans,  &c.  p.  9).  The  young  bird  is  excluded  well  clothed 
and  able  to  run  or  swim  about  and  provide  food  for  itself  in  the 
suborder  GALLiNACEiB,  in  the  Cubsoees,  in  the  Natatorial 
BrevipennatiB  (Penguins,  Awks,  &c.)  and  Lamettirostres  (Duck, 
Goose,  &C.),  and  in  all  the  Gballatobes  save  the  Cultrirostral 
group  or  part  of  it.  Of  these  *  precocious  *  birds  (iV«coce«)  most 
are  polygamous,  and  the  females  hatch  many  young ;  whereas  in 
the  *  nursing '  groups  {AUricet)  the  species  are  monogamous,  and 
have  few  young.^ 

'  Tlin  o  of  t!io  fifjiirct  here  rr'"rmMl  to  by  IlantCI'  wo  engrnrcf!  in  xx.  TwI.  T.  pi. 
Ixxvu  figs.  16,  17,  18.  *  lb.  p.  xxvii.  '  vir.  p. 
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CHAPTER  XXV. 

CHARACTERS  AND  PKIMARY  GROUPS  OF  THE  CLASS 

MAMMALIA. 


§  172.  Class  Characters.  —  Mammals  are  outwardly  distin- 
guished by  a  covering  of  hair,  entire  or  j)artial,  and  (with  two  ex- 
ceptions) by  teats,  fig.  138,  «,  b,  whence  the 
name  of  the  cdass.*  All  possess  mammarv 
glands  and  suckle  the  young :  the  embryo  nr 
fd'tus  is  developed  in  the  womb.  The  male 
has  a  ])enis,  and  impregnation  is  j»rece(k'<l 
by  intromission.  The  lungs,  fig.  139, /<7, 
minutelv  cellular  throujxhout,  are  pus- 
pended  freely  in  a  thoracic  cavity  scj)arato.l 
by  a  musculo-tendinous  partition  or  'ilia- 
New-jH.m  fff.iu.  and  uat».  Kaa-  phrajnii,'  il).  dy  ffoni  thc  abtlomcn. 

Mammals,  like  liirds,  have  a  heart,  in. 
/<,  composed  of  two  ventricles  and  two  auricles,  and  have  warm 
blood :  they  breathe  quickly ;  but  iuspiratiou  is  performed  chieflf 

1S9 


Ideal  iMUw  Of  a  Mranalhw  aBliML 


by  the  agency  of  the  diajdiragin;  and  the  inspired  air  acts  only 
on  thc  capillaries  of  the  pulmonary  circulation. 

*  Mmmtif  •  teit  The  Honotremw  hftre  namiuiy  glands  without  teatti  Thi 
foul  Cetaoea  ifaow  tafU  of  hair  on  the  mnasle. 
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The  blood-discs  are  smaller  tbaa  in  Beptiles,  and,  save  in  the 
Camel-tribe,  are  circular.  *  The  right  anriciilo-ventricular  valve 
18  membranous,  at  least  never  entirely  fleshy ;  and  the  aorta  bends 
over  the  left  bronchial  tube.  The  abdominal  aorta  terminates  by 
dividing  beyond  the  kidneys  into  the  iliac  arteries,  from  which 
spring  both  the  femoral  and  ischiadic  branches:  if  continued 
beyond,  it  is  as  a  caudal  or  sacro-raedian  artery. 

The  kidneys,  ib.  A,  are  relatively  smaller  and  present  a  more 
compact  figure  than  in  the  other  Vertebrate  classes ;  their  ])aron- 
chynu*  is  divided  into  a  cortical  and  medullarv  |K)rtion,  and  the 
ijccrctin^  tubiili  tenninate  in  a  dilatation  of  the  excretory  duct, 
called  the  ])elvi?.  Thev  derive  their  secretion  exclusivelv  from 
the  arterial  sjstcin.  Their  veins,  commencing  by  minute  capil- 
laries in  the  renal  paienchyme,  terminate  generally  by  a  single 
trunk  on  each  side  in  the 
abdoniHiul  venacas.i;  they 
never  aniistomose  with  the 
intestinal  veins. 

The  liver,  ih.  /,  is  gene- 
rally divided  into  a  j^reatcr 
nuitiber  of  lohed  than  in 
liirds.  The  portal  system 
is  formed  by  veins  derived 
exclusively  from  the  spleen 
and  chylopoietic  viscera. 
The  cystic  duct,  when  it 
exists,  always  joins  the  he- 
patic, and  does  not  enter 
the  duodenum  separately. 
Tlic  pancreatic  duct  is  com- 
monly single. 

The  mouth  is  closed  by 
poft  flexible  muscular  lips  : 
the  u|t|icr  jnw  is  composed 
of  |Milatrnc,  tig.  140,  20,  maxillary,  21,  and  j>remaxillnry,  2-2,  bones, 
and  is  fixed;  the  lower  jaw  consists  »)!  two  rami,  formed  each  by 
one  IxMiy  piece,  ib.  30-32,  and  articulated  by  a  convex  or  flat  con- 
dyle, ib.  .29,  to  the  squamosal,  ib.  27,  not  to  the  tympanic,  ib.  28. 

The  jaws  of  Mammals,  with  few  exceptit»us,  are  provided  with 
t(  I  th.  These  are  innited  to  the  premaxillarv,  maxillary,  and 
mandibular  bones,  and  are  tliere  arranpfcd  in  a  single  row;  they 
arc  lodjxed  in  sockets,  not  anohylosed  with  the  substance  of  the 
jaw.  Uuiy  in  the  present  class  arc  teeth  implanted  by  two  or  more 
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fangs;  whentheyareof  limited  growth,  and  usually  molars:  eTer- 
growing  teeth  require  the  base  to  be  kept  open  for  the  persistent 
pulp»  Some  Maounals  are '  monophyodont/ '  or  hare  but  one  set 
of  teeth:  the  majority  are  ^  diphyodont/ '  or  have  tvro  sets :  nane 
haye  more.  The  tongue  is  large^  fleshy,  with  the  apex  more  or 
less  free.  The  posterior  nares  are  protected  by  a  soft  palate,  and 
the  larynx  by  an  epiglottis^  flg.  IS9,  ep :  the  rings  of  die  trachea 
are  generally  cartilaginous  and  incomplete  behind :  there  is  no 
inferior  larynx.   The  cesophagusj  ib.  a;,  is  continued  without 

partial  dilatations  to  the 
stomach,  ib.  which  va- 
ries in  its  structure  aooord- 
ing  to  the  nature  of  the 
foody  or  the  quantity  of 
nutriment  to  be  extracted 
therefirom. 

The  Tertebral  bodies, 
141,  are  oenfled 
from  three  centres,  and 
present  for  a  longer  or 
shorter  period  of  life  a 
discoid  epiphysis  at  each 
extremity.  They  are  ar- 
ticii luted  by  concentric  li- 
gaments with  interi)osed 
glairy  Huld,  fig.  199,  form- 
ing what  arc  called  the 
intervertebral  substances ;  the  articulating  snriaecs  are  generally 
flattened,  hut,  in  the  neck  of  certain  Ungulates,  they  are  eon- 
cave  behind  and  convex  in  front.  The  cervical  vertebrje,  in  ;dl 
Mannnals  ^ave  two,  are  seven  in  number,  neither  more  nor  le^^ 
The  atbus  is  articulated  by  concave  zygapojiliyses  to  two  convex 
condyles,  which  are  developccl  from  the  neurapophyses  (exocci- 
pitals)  of  the  last  cranial  vertebra. 

The  scapula  is  generally  an  expanded  plate  of  bone  ;  the  cora- 
coid,  with  two  (monotrematous)  exceptions,  appears  as  a  small 
process  of  the  scapula.  The  sternum  is  usually  narrow,  and  con- 
sists of  a  simple  longitudinal  series  of  bones:  the  sternal  rih.s  are 
generally  cartilaginous.  The  centrums  of  two  cranial  vertebnu 
(basisphenoid  and  presplienoid)  preserve  their  distinctness  to  a 
late  period  of  growth,  in  the  species  where  they  ultimatelj 
coalesce. 

*  /tdrax,  onoc;  f^,  I  gcneratei        tooth.  *  Kf|  twioo;       and  IMu 
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The  brain  has  a  cerebellum  with  large  lateral  lobes,  fig.  142,  d, 
and  the  grey  superficies  much  folded ;  the  commissural  fibres 
form,  as  they  cross  the  under  surface  of  the  epencephalon,  a  defined 
tract  or  prominence  called  *  pons  Varolii/  fig.  143,  /?.    The  optic 

142  143 


Upper  surface  of  brain,  Dacyure.  Lxx*.  Under  larfaco  of  brain,  Porcupine. 

lobes,  fig.  142,  c,  are  medial  in  position  and  divided  by  a  transverse 
furrow.  The  cerebral  lobes,  ib.  h,  are  not  only  united  by  a  round 

144  145 


a 


Lyencepbaloui  brain,  Wombot  (/"fcaiKwfomvii/iuca).   LXX'.       Corpn»  callo«uni,  brain  of  Dearer.  hxx\ 


commissure,  but  by  a  *  lyra '  and  hippocanipal  commissure,  fig. 
144,  /// ;  from  which  is  developed,  in  the  majority  of  the  class. 
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a '  corpus  callosum '  or  great  commisBiire,  fig.  145}  L  The  rhinen- 
cepbaloD,  fig.  142«  a,  is  in  contact  with  the  proseDcepbalon, 
b,  and  sends  off  numerous  olfiMStory  nerves  wldch  perforate  t 
*  oribriibmi  *  plate  of  the  prefirontaL 

{  173.  Manmaluin  Subekugei. — The  prunaiy  subdiTisioiis  of 
the  present  dass  are  eharacterised  by  conditions  of  the  brain.' 

When  the  hemispheres  are  connected  hj  the  *  round  coamus- 
sure '  and  *  hippocampal  commissure  *  only,  fig.  144,  thia  cerebral 
condition  is  associated  with  ihe  absence  of  a  vascular  chorion  or 
placenta,  and  with  prematurely  bom  young,  compared  with  the 
rest  of  the  class  (fig.  138  shows  the  natural  size  of  the  new^bom 
Kangaroo  of  the  largest  species)^ 

The  cerebral  hemispheres  are  usually  without  folds,  and  leave, 
as  in  fig.  142,  the  cerebellum,  d,  olfactory  lobes,  ff,  and  part  of 

the  optic  lobes,  c,  exposed.  The  sub- 
class so  characterised  is  called  Ltsm- 
CEPHALA.'  Mammals  of  this  low  tyi>e 
existed  as  far  back,  in  time,  aa  the 
oolitic  and  triassic  periods,  and  are 
the  oldest  known.* 

The  next  stage  of  complexity  in  the 
^Mammalian  brain  is  where  the  '  corjui- 
callosum,'  fig.  145,  /,  is  present:  hut 
rnnnccts   hemis])heres   as    little  atl- 
vanced  in  relative  l)ulk  or  oiitwanl 
character  as  in  the  jireeeding  sub- 
class ;   the  surface  being  smooth,  fig. 
140,  c,  or  Avitl^  folds,  in  the  largest 
members  of  the  ^xi'^^UN  ii<>t  more  nu- 
merous or  complex  than  in  the  larger 
Lyeneephala.     The  hemispheres,  ib. 
e,  leave  the  cerebellum,  c,  d,  and  part 
of  the    olfactory  lobes,  f,  exjK)sed. 
The  subclass  so  characterised  is  called  LissEXCEriiALA.*    In  the 
species  with  this  condition  of  brain  the  testes  remain  in  the 
abdomen,  or  are  protruded  into  a  temporary  scrotum  only  at  the 
breeding  period,  to  be  again  retracted :  in  most  there  is  a  common 
external  urogenital  aperture :  there  are  two  precaval  veins.  The 
squamosal  in  most,  and  the  tympanic  in  many,  retiun  their  primi- 
tive condition  as  distinct  bones.    The  orbits  have  not  an  entire 


Vr-per  vutaeo  of  bnln,  AgvnU. 


'  Lxvni".  am]  lxit*. 
'  xvii:  p.  338. 


'  \vw.  I  loose  ;  iyK(<faXos,  hrnin.  1. 
*  \tao6s,  smooth ;  iyKi^a\o$,  brain. 
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rim  of  bone.  Besides  these  general  characters  of  affinity  to  Birds 
and  Reptiles,  there  are  other  striking  indications  of  the  same  low 
position  in  particular  orders  or  genera  of  the  subclass.  Such, 
e.g.,  are  the  cloaca,  convoluted  trachea,  supernumerary  cervical 
vertebnc  and  tlieir  floating  ribs,  in  the  Three-toed  Sloth  ;  the  irrita- 
bility of  the  muscular  fibre,  and  persistence  of  contractile  power 
in  the  Sloths  and  some  other  Bruta ;  the  long,  slender,  beak-like 
edentulous  jaws  and  gizzard  of  the  Anteaters ;  the  imbricated 
scales  of  the  equally  edentulous  Pangolins,  which  have  both 
gizzanl  and  gastric  glands  like  the  proventricular  ones  in  Birds ; 
the  dermal  bony  armour  of  the  Armadillos  like  that  of  loricated 
Saurians  ;  the  quills  of  the  Porcupine  and  Hedgehog ;  the  pro- 
ventriculus  of  the  Dormouse  and  Beaver;  the  prevalence  of 
disproportionate  developement  of  the  hind-limbs  in  the  Rodentia ; 
coupled,  in  the  Jerboa,  with  confluence  of  the  three  chief  meta- 
tarsals into  one  bone,  as  in  Birds  ;  the  keeled  sternum  and  wings 


of  the  Bats;  the  aptitude  of  the  Cheiroptera^  Tnsectivoray  and 
certain  Rodentia  to  fall,  like  Reptiles,  into  a  state  of  torpidity, 
associated  with  a  corres|X)nding  faculty  of  the  heart  to  circulate 
carbonised  or  black  blood : — these,  and  the  like  indications  of 
co-affinity  with  the  Lyencephala  to  the  ONiparous  air-breathing 
Vertebrata,  ctmcur  with  the  cerebral  character  in  demonstrating 
the  low  position  of  the  Lissenrephala  in  the  Mammalian  class. 

The  third  leading  mo<lification  of  the  Mannnalian  brain  is  such 
an  increase  in  the  relative  size  of  the  cerebrum,  fig.  147,  that 
it  extends  over  half  or  more  of  the  cerebellum,  and  of  the 
olfactory  lobes.  The  surface  of  the  hemispheres  may  be  smooth, 
or  with  few  and  simple  folds,  in  the  smallest  species ;  but,  as 
a  rule,  it  is  disposed  in  many  gyri  or  convolutions,  fig.  148, 
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whence  the  imnie  (ivKENCEPHALA,'  proposed  for  this  third  sub- 
class of  Mammalia. 

In  tlii.s  suhchass,  tlicrc  are  no  such  marks  of  affinity  to  the 
Oviparous  Vertebrates  as  have  Ijeen  instanced  in  the  precedii^. 
The  testes  are  concealed,  in  adaptation  to  aquatic  life,  in  Cetacea: 
but,  in  the  rest  of  the  subclaas,  with  the  exception  of  the  Ele- 
phant^ they  pass  out  of  tlie  abdomen,  and  the  Gyrencc]»hal(iuj 

quadrupeds,  as  a  general  rule, 


I4t> 


Ui>i>er  lurlacc  of  tbc  brain  of  tUc  Uraiig-u-uu. 
(After  amdlfoitj 


have  a  scrotum.  The  vulvi 
is  externally  distinct  from  the 
anus.  Witli  the  exception, 
ap!;ain,  of  the  Ele|)hant,  the 
blood  from  the  liead  and  ante- 
rior limbs  is  returne<l  t<>  th^ 
rii^ht  auricle  by  a  siiiL'lc  itre- 
caval  trunk.  The  Mamma- 
lian modification  of  the  Ver- 
tebrate type  attains  its  hifrh- 
est  physical  perfections  in 
the  Gyrencephala,  as  mani- 
fested by  the  bulk  of  some, 
by  the  destructive  maiterv  of 
others,  by  the  address  ami 
agility  of  a  third  order.  And. 
through  the  superior  psycho- 
logical faculties — an  adaptive 
intelligence  predominating  over  blind  instinct — which  are  my 

149  ciated  with  the  higher  deve- 

lopement  of  the  brain,  the 
Gyrencej)haln  supply  tlio^e 
species  which  have  ever 
formed  the  most  cheri!;he<i 
companions  and  servitor?, 
and  the  most  valuable  sou^ 
ces  of  wealth  and  power,  to 
Mankind. 

In  Man  the  brain  pr  -  nts 
an  ascensiTC  step  in  deve- 
lopement>  higher  and  more 
strongly  marked  than  that  b; 
which  the  preceding  subclass  was  distinguished  from  the  one  bclov 
it  Although  in  the  highest  Gyrencephala  the  cerebrum^  figs*  1^*' 
*  yvf6mt  I  wind  about}  iyK^uKos,  brain,  uut*. 


VertlrftI  Bcclloa  of  the  bruin  of  tlic  OrangHBtML 
(Aflor  W.  Vrwltk.)   UaU  uat.  elM. 
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149,  b.may  cxUiid  over  the  cerebellum,  d,  in  Man  not  only  do  the 
cerebral  hemispheres,  tig.  149,^, overlap  the  olfactory  lobes  and  cere- 
belhira,  d,  but  they  extend  in  advance  of  tlie  one,  and  further  back 
than  the  oiher.  Their  posterior  developement  is  so  marked,  that 
anaU)niists  have  ai?<igucd  to  that  part  the  chara^'ter  of  a  tliiid 
lobe;  it  is  peculiar,  ivith  it^  pruportiouully  devel«>[  <  <l  posterior 
ventricular  horn  and  *  hippocampus  minor,'  to  the  geuus  Ilomo^ 
Concomitantly  with  the  correspcjnciingly  (lcvelo[)e(l  anterior  lobes 
of  theL  cerebrum^  the  ventricle  is>  in  like  manner,  produced  into  a 

*  Kubl  io  AUiea  BtUtM,^  11«deaiMiii  In  tlie  MMMqiw*  ud  Onogi*  Vrolik  k 

the  ChimpaniM,'  iad  nysolf  in  the  Oorillft,*  havo  leverally  shown  all  the  homologous 
parts  of  the  human  cerebral         Io  «utt»  under  nodlfied  fonni  and  low  gndM  of 

dcvelopcmciit,  in  i^uadnumma, 

KaU  hghtlj  chimeteriMt  the  homologuo  of  the  poeterior  oonm,  whidi  ho  found 
in  a  pk^yrrhine  monkey,  *  Anfang  dcs  hintem,  dritten  Horns  dcs  Seitenventri- 

ccls '  (op.  cit.  p.  70)  '  t!if!  lic^nniiitij:^  of  the  posterior  or  third  horn  f  f  tf  ^  lateral 
Tentricle,'  Tiedcmiinn,  with  cfiual  accuracy,  dcfioiiii  Uie  answerable  part  in  thccatar* 
rhine  qaadrumana,  as,  *  Scrobiculus  pat  vus  loco  comu  po!>teriuris  '  {pp.  cit.  p.  U).  In 
regard  to  the  potterior  coma  hi  the  brain  of  the  Onng  he  ii  rilent  as  to  any  '  hippo- 
eampos  minor.'  &  eacifts,  howcrer,  in  the  condition  described  by  Vrolik,  in  that  Ape 
and  in  tho  Cliimpanree,  as  *  one  eminence  que  nous  croyons  avoir  Ir  droit  Je  nommer 
indice  do  pc»  lii])pocampi  minor'  (  VernL  en  MededteL  der  Kon.  Akad.  1862,  p.  xiti.) 
These  *  begiunings '  and  *  indication!'  of  •Cmetoree  which  reach  their  fnll  doTelopement 
in  Man  in  no  waj  affect  the  Talae  of  the  latter  as  aoologlcal  eharactera.  In  propoond- 
\x\<r  thrm  a.s  such  to  tlic  I/uina\in  Society  iu  18.* 7,  I  forbcre  to  encumber  my  memoir 
u'itli  rcCcreuec  to  facts  know  n  to  all  wIk;  j  ossessed  the  eluniutits  of  Comparative  Ana- 
tomy. Tiedcmann's  dedoitiun  was  tlto  ucctptud  one  : — '  Pedes  hippocampi  mioores 
vel  nngnea,  vel  calcaria  avia,  qwe  a  poitcriore  corporia  calloai  tanqnam  pioccaina  dno 
UedttUares  proficiscuntur,  inque  fundo  corna  postcrioris  plicas  gnidlet  Ok  retrofletas 
formant,  in  ccn  bro  Sirniarum  dcsunt ;  nee  in  ccrcbro  aliorum  a  mc  cxaminatnmm 
manunalium  occurrunt ;  Hooiini  ergo  proprii  sunt.'  (lb.  p.  51.)  In  like  maiiuvr 
Cavicr  lutd  chancterifed  the  epeciea  of  1^  order  l^annMaa  •§  having.  <  Foace 
liiire  et  oppoaablo  an  lien  dn  grand  orteil.'  And  he  rightlj  afflrmi ;  *  L*honinie  eat 
le  scul  animal  Traiment  himane  ct  hlji,\lt:'  {Rhjne  Animal,  i.  p.  70.)  To  adduce 
TjcC'i"t'nf?s  (>f  structures  in  one  group  which  reach  tlieir  full  devclopcinont  in  an(»ther, 
agHuvaiidutiiig  their  zoological  application  in  such  higher  group,  is  puerile  {  to  rcpro- 
dttco  the  fkcla  of  inch  incipient  and  indieatorjr  stmetnrei  m  new  discoveries  is  ridtcn- 
lona ;  to  represent  tho  ttatement  of  the  aoological  character  of  n  higher  groui)  as  n 
denial  of  the  cxistr  tu  p  of  homologous  parts  in  n  lower  one  is  •It'-'^'raceful,  Mr.  Flower 
was  not  tho  first  to  f>cc  in  the  hippocampal  commissure  the  beginning  of  the  corpas 
callosam:  the  homologues  of  * cornu  posterini'  and  of  'hippocampus  minor'  were 
known  in  the  Orang  before  Rrof.  Rolleston :  and  .the  homologiea  of  the  bonea  of  the 
ilind  foot  in  mammals  had  boon  determined  before  Prof.  Iluxley  propounded  them  to 
show  that  the  hind  thumb  of  tlie  Ape  was  a  great  toOi  and  that  Man  was  not  the  onlj 
animal  who  possessed  two  hands  and  two  feet. 


*  Beitii^  tnr  Zookigie  and  vergleicheaden  Analoniie,  4to»  18S0,  sweite  Abthei«* 
lung,  p.  70,  tab.  vii.         ^  Tcoues  cerebri  Simiarum,  foT.  p.  14,  ilg.  iii.  2. 

«  Trevininus,  Zt  itsc  hrift  fiir  Physiolugie,  Hd.  ii.  p.  25.  TnC  iv.  ^  Nienn  e  Ver- 

handlaiigcn  der  crste  Klasse  vom  het  Koningt.  Nedcriand«c  lio  lu&titut.  Ami>tcrdam, 
1849.        •  Fnllerian  Lectnrcs,  Boyal  Inititntion  (March  18,  1861),  reported,  with 
eopiea  of  diagnuM^  in  *  AthetMenm,*  If  ardi  29rd»  1861,  p.  395. 
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hornlike  form,  in  advance  of  the 'corpus  Btriatum.'  The  -njier- 
ficial  ^rcy  matter  of  the  cerebrum,  througli  the  number  and  depth 
of  the  convolutions,  attaln<s  its  maxiimim  of  cxteiit  in  Man. 

Peculiar  mental  ptiwcrs  are  associated  with  this  highest  form  of 
brain,  and  their  consefjucnces  strikingly  illuj'trfite  the  value  of 
the  cerebral  character;  according  to  my  estimate  of  \vhi<  lu  I  am 
led  to  rofrard  the  genns  Hmno  as  not  merely  a  represent :itive  of 
a  distinct  order,  but  of  a  distinct  subclass  of  the  Mammalia,  f<» 
which  I  have  proposed  the  name  of '  A&cuencefuala,'  ^ 

150 


Tenlcal  BCcUon  of  the  adult  liumau  brala.  (After  Arnold.)  Half  nfttnrsl  ttxc 

AYith  this  preliminary  defiuitiou  of  the  organic  characters, 
which  guide  to  a  conception  of  the  natural  primary  groups  of  the 
class  Mammalia  J  1  next  proceed  to  de6ne  those  of  sccoudary^  im- 
portance, or  the  subdivisions  of  the  foregoing  subclasses. 

§  174.  Chvr(ictrr<i  of  Orders. — In  the  Lyencephalous  Mammalia 
come  have  the  oj)tlc  lobes  less  definitely  divided  into  *  corpora 
quadrigemina  *  than  others.  Those  with  the  more  simple  optic 
lobes  are  '  edentulous '  or  without  calcified  teeth,  are  devoid  of 
external  ears,  scrotum,  nipples,  and  oviducal  fimbri;e ;  they  are 

»        I  oToirnlc  {  iy^ipafos,  brain. 
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tnie  *  testiconda/  and  are  ovoviviparous,  fif^.  151  :  they  have  a 
coracoid  bone  extending  from  the  scapula  to  tlic  sternum,  and 
also  an  epicoracoid  and  episternum,  as 
in  Lizards;  they  are  unguiculate  and 
pcntadactyle,*  with  a  supplementary 
tarsal  bone  supjwrting  a  perforated  spur 
in  the  male.  The  order  so  character- 
ised is  called  *  Monotrkmata,'  in  refer- 
ence to  the  single  excretory  and  gene- 
rative outlet,  which,  however,  is  not 
peculiar  to  them  among  Mammalia.  The 
Monotremes  are  insectivorous,  and  are 
limited  to  Australia  and  Tasmania ; 
where  they  are  represented  by  the  Pla- 
typus or  Duck-Mole  {Oniithorht/nchus)y 
and  by  the  Spiny  Anteater  {Echidna). 

The  Marsupialia  are  ^lammals  distinguished  by  a  peculiar 
pouch  or  duplicature  of  the  abdominal  integument,  which  in  the 
males  is  everted,  forming  a  i)endulous  bag 
containing  the  testes,  and  in  the  females  is 
inverted,  forming  a  hidden  pouch  containing 
the  nipples  and  usually  sheltering  the  young 
for  a  certain  i)eriod  after  their  birth :  they 
have  the  marsupial  bones,  fig.  152,  m,  in 
common  with  the  Monotremes ;  a  much-varied 
dentition,  especially  as  regards  the  number  of 
incisors,  but  usually  including  four  true  mo- 
lars ;  and  never  more  than  three  premolars :  the 
angle  of  the  lower  jaw  is  more  or  less  inverted. 

With  the  exception  of  one  genus,  Didelphys, 
wliich  is  American,  all  the  known  existing 
Marsupials  are  Mclanesian,  i.  e.  belong  to 
Australia,  Tasmania,  New  Guinea,  and  some 
adjacent  isles.  The  grazing  and  browsing 
Kangaroos  are  rarely  seen  al)road  in  fidl  day- 
li^'-ht,  save  in  dark  rainy  weather.  Most  of  »*t«vu »nd niwiupui  »K,ne^ 
the  INIarsupialia  are  nocturnal.  Zoological 
wanderers  in  Australia,  viewing  its  plains  and  scanning  its  scrubs 
by  broad  daylight,  arc  struck  by  the  seeming  absence  of  mam- 
malian life ;  but  during  the  brief  twilight  and  dawn,  or  by  the 
light  <»f  the  m(H)n,  numerous  forms  are  seen  to  emerge  from  their 
hiding-places  and  illustrate  the  variety  of  marsupial  life  with 
which  nmny  parts  of  the  continent  alx)und.    \sq  may  associate 
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with  their  low  position  in  the  mammalian  scale  the  prevalent 
habit  amongst  the  Marsupialia  of  limiting  the  exercise  of  tlie 
faculties  of  active  life  to  the  period  when  thej  are  shielded  by 
the  obscurity  of  night. 

The  Liflsencephala  or  smooth-brained  Plaoentals  form  a  groups 

equivalent  to  the  Lyencephala  or 
Implacentals^  and  include  the  fol- 
lowing orders,  BodenHa,  Inteeii' 
vara,  Chetraptera,  and  Bruttu  Tbe 
BoDSNTiA  are  diaracterised 
two  laige  and  long  curved  indjMn 
in  each  jaw,  fig.  Iddy't,  separated  by 
a  wide  interval  from  the  molsn; 
and  these  teeHi  are  so  constructed,  and  the  jaw  is  so  articulated, 
as  to  serve  in  the  reduction  of  the  food  to  small  partides  bj 

154 


PtanNBTt  Volnodk. 


acts  of  rapid  and  continued  gnawinfj,  whence  the  name  of  the 
order.  The  orbit.s,  ib.  are  not  separated  from  the  tem- 
poral fossse.     The  testes  pass  periodically  from  the  abdomea 
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into  a  temporary  scrotum,  and  are  associated  vnth  prostatic  and 
vesicular  glands.  The  placenta  is  commonly  discoid,  but  is  some- 
times a  circular  mass  (Cavy),  or  flattened  and  divided  into  three 
or  more  lobes  (Lepus).  The  Beaver  and  Capybara  are  now  the 
giants  of  the  order,  which  chiefly  consists  of  small,  numerous, 
prolific  and  diversified  unguiculate  genera,  subsisting  wholly  or 
in  part  on  vegetable  food.*  Certain  squirrels  achieve  short 
flights  by  means  of  expansions  of  skin  between  the  fore  and  hind 
limbs,  fig.  154.  Some  Lemmings  perfonn  remarkable  migrations, 
the  impulse  to  which,  unchecked  by  dangers  or  any  surmountable 
obstacles,  seems  to  be  mechanical.  Many  Rodents  build  very 
artificial  nests,  and  a  few  manifest  their  constructive  instinct  in 
association.  In  these  inferior  psychical  manifestations  we  are 
reminded  of  Birds.  Many 
Kodents  hibernate  like  Rep- 
tiles. They  arc  distributed 
over  all  continents.  They 
have  not  been  found  in  older 
deposits  than  eocene  tertiary. 

The  transition  from  the 
Marsupials  to  the  Rodents 

is  made  by  tlie  Wombats; 

and  the  transition  from  the 

]\Iarsupials  is  made,  by  an 

equally  easy  step,  through 

the  smaller  Opossums  to  the 

Insectivora.    This  term  is 

given  to  the  order  of  small 

8mooth-brained  Mammals,  the 

molar   teeth  of  which  arc 

bristled  with  cusps,  fig.  150, 

wi,  p,  and  are  associated  with 

canines  and  incisors :  they  are 

unguiculate,  plantigrade,  and 

pentadactyle,  and  they  have  complete  clavicles.    The  testes  pass 

periodically  from  the  abdomen  into  a  temporary  scrotum,  and  arc 

associated  with  large  prostatic  and  vesicular  glands:  like  most 

other  Lissencephaln,  the  Insectivora  have  a  discoid  or  cui)-shapcd 

placenta.    Their  place  and  oflfice  in  South  America  and  Australia 

arc  fulfilled  by  Mar8ui)ialia ;  but  true  Insectivora  exist  in  all  the 

other  continents. 


Dentition  of  a  f>lirew  (&>m-).  Mngniflcd. 
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^  The  order  Chetroptera,  with  the  exception  of  the  modifica- 
tioii  of  their  digits  for  supporting  the  wide  webs  that  gerve  m, 
wings,  fig.  156,  repeat  tlie  chief  cliaractcrs  of  the  Insectivora;  but 
a  few  of  the  larger  species  are  frugivoroiis  and  liavc  corrcKjM)ndiD? 
modifications  of  the  teeth  and  stomach.  The  mannnns  are  pectoral 
in  position,  and  the  penis  is  pendulous,  in  all  Cheiroptera, 

The  most  remarkable  examples  of  pcriodicull y  torpid  Mam- 
maU  are  to  be  found  in  the  terrestrial  and  vohuft  Tnsectivora. 
The  frugivurouw  Uats  dill'er  much  in  dentition  lr(jru  the  tnic 
Cheiroptera,  and  would  seem  to  conduct,  throun:h  the  Colu<(os 
or  Fljing  Iicmurs,  directly  to  the  Quadrumanous  order.  The 


156 


Cheiioptera  are  cojBmopoHtan.  They  hare  not  been  foimd  in 
older  deposits  than  eooene  tertiary. 

The  order  Bbuta  (Edentata  of  Cuvier)  includes  two  genen 
which  are  devoid  of  teeth,  figs*  157  and  158 ;  the  rest  possess  tluMe 
organs,  which,  howeyer,  haye  no  true  enamel,  are  never  displaced  by 
a  second  series,  and  are  very  rarely  implanted  in  the  premazillary 
bones.  All  the  species  have  very  long  and  strong  daws*  Th^ 
ischium  as  well  as  the  ilium  unites  with  the  sacrum ;  the  oibit  u 
not  divided  from  the  temporal  fossa.  Besides  the  illustratkm  d 
affinity  to  the  oviparous  Yertebrata  which  the  Three-toed  Slotb 
afford  by  the  supernumerary  cervical  vertebrsB  supporting 
ribs  and  by  the  convolution  of  the  windpipe  in  the  tiioraz,  it  my 
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be  remarked  that  the  unusual  number — three  and  twenty  pairs — 
of  ribs,  forming  a  very  long  dorsal,  with  a  short  lumbar,  region  of 
the  spine  in  the  Two-toed  Sloth,  recalls  a  lacertine  structure. 
The  same  tendency  to  an  inferior  type  is  shown  by  the  abdominal 


157 


Skull  of  Antcatcr  {Myrmecophaga). 

testes,  the  single  cloacal  outlet,  the  low  cerebral  developcment  in 
all  Dnita,  by  the  bony  scutes  of  the  Armadillos  and  the  homy 
scales  of  the  Pangolins,  fig.  158 ;  by  the  absence  of  medullary 
canals  in  the  long  bones  in  the  Sloths,  and  by  the  great  tenacity 
of  life  and  long-enduring  irritability  of  the  muscular  fibre,  in  both 
the  Sloths  and  Anteatcrs. 

The  order  Bruta  is  but  scantily  represented  at  the  present 
j)criod.  One  genus,  Mtinis  or  Pangolin,  is  common  to  Asia  and 
Africa  ;  the  Orycternpns  is  peculiar  to  South  Africa ;  the  rest  of 
the  order,  consisting  of  the  genera  Mynnecophngn,  or  true  Ant- 
caters,  Dasypus  or  Armadillos,  and  Drn<h/pus  or  Sloths,  arc  con- 
fined to  South  America.  The  earliest  known  fossil  of  this  order 
is  of  mioccne  age.' 


158 


Skeleton  of  Scaly  Antcntcr  (Manis).  LXXiir. 

In  proceeding  to  consider  the  subdivisions  of  the  Gyrenccphala, 
we  seem  at  first  to  descend  in  the  scale  in  meeting  with  a  group 
of  animals  in  that  subclass,  having  the  shape  and  life  of  Fishes; 
but  a  high  grade  of  mammalian  organisation  is  masked  beneath 
this  form.     The  Gyrenccphala  arc  primarily  subdivided,  accord- 
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ing  to  modifications  of  the  loo<v 
motiye  organs,  into  three  series; 
viz.  Mutilata^  Ungulata^  and  Un- 
guicnhifa,  the  maimed, tbe  hnnfed, 
and  the  clawed  scries ;  and  these 
are  of  higher  value  than  the  or- 
dinal divisions  of  the  Liflsenee- 
phala ;  just  as  those  orders  are  of 
higher  value  than  the  representa- 
tive families  of  the  Marsupmls. 

The  MutilatUy  or  maimed 
Mammals  with  folded  brain,  are 
BO  called  because  their  hind-limbs 
seem,  as  it  were,  to  have  been 
amputated,  fig.  159, 66 ;  they  pos- 
sess only  the  pectoral  pair  of 
limbs,  and  these  in  the  form  of 
fins,  ib.  54 :  the  hind  end  of  the 
trunk  expands  into  a  broad,  hori- 
sontally  flattened,  tegumentaiy 
caudal  fin,  They  hnve  large 
brains  with  many  and  deep  con- 
volutions, are  naked,  and  have 
neither  neck,  scrotum,  nor  ex- 
ternal ears.  Like  the  wingl^ 
group  among  Birds,  the  present 
includes  species  allied  to»  or  de- 
rived from,  different  types. 

The  first  order,  called  Ceta- 
CEA,  in  this  division  are  dther 
edentulous,  fig.  159,  or  monophy- 
odont:  the  latter  have  teeth  of  one 
kind  and  usually  of  conical  shape : 
the  pectoral  digits,  ib.  ill.,  may 
have  more  than  three  phalanges* 
They  are  testiconda  and  have  no 
*  vesiculsD  seminales/  The  mam- 
mie  are  pudendal;  the  placenta 
is  diflliiscd  ;  the  external  nostrils 
— single  or  double — are  on  the 
top  of  the  head,  and  called  spi- 
racles or  '  blow-holes.*  Tliey ,  for 
the  most  part,  range  the  ocean  ; 
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though  with  certain  geographical  limits  a.s  respects  species.  Thoy 
feed  on  fishes  or  marine  animals.  Some  undoubted  Cetacean 
fossils  are  of  eocene  age  :  and  there  are  iudieatious  of  the  order 
in  the  upper  oolitic  period.* 


161 


DeaUttoa  o(  Dafloaar  (ffaUeprw).  t. 

The  second  Mutilate  order,  called  SiRENlA»  have  teeth  of  differ- 
ent kinds,  incisors,  t,  fig.  160,  which  are  preceded  bj  milk-teeth, 
d  ?,  and  molars,  m,  with  flattened  or 
rid«red  crowns,  a<lapted  for  vegetable 
food.  No  digit  has  phalanges  in 
excess  of  the  mammalian  number, 
three.  The  nostrils  are  two,  situated 
at  the  upper  part  of  the  snout ;  the 
fipA  are  beset  with  stiff  bristles ;  the 
mamma;  are  pectoral;  the  testes  are 
abdominal,  but  are  associated  with 
Tesicuks  seminales.  The  Sirenia 
exist  near  coasts  or  ascend  large 
riverB;  browsing  on  fuci,  water 
plants,  or  the  grass  of  the  shore.  The  oldest  known  Siren  Ian  is 
of  mincenc  age.  There  is  much  in  the  oiganisation  of  this  order 
that  indicates  its  affinity  to  members  of  the  succeeding  division. 

In  the  Ungulata  the  four  limbs  are  present,  but  that  portion  of 
the  toe  which  touches  the  ground  is  incased  in  a  hoof,  fij^s.  162 
and  163,  which  blunts  its  sensibility  and  deprives  the  foot  of 
prehensile  power.    With  the  limbs  restricted  to  support  and 

I  XVin*,  ppi  SV.  520. 
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locomotion, the  Ungtikta  hwe  no  davieleft;  the£m4eg  m  pimie: 
die  molar  teeth  are  mtasiTe,  with  ioflected  folds  of  enaiii^:  tiicj 
feed  on  yegetables. 

A  remarkable  order,  most  of  the  members  of  which  have  paased 
away,  is  characterised  by  two  incisors  in  the  form  of  lon^  tnaks; 
in  one  genus  {Dinoiherium)  projecting  firom  the  under  jmw,  in 
another  genus  (Elcphas)  from  the  upper  jaw,  fig.  162,  t,  and 
in  some  of  the  species  of  a  third  genus  {Miuto£m)  from  both 
jaws.   There  are  no  canines;  the  molars  are  few,  large,  and 


162 


Skeleton  of  Xlevliaiit  (tlvtaa  iMtew) 


transversely  ridged,  fig.  161,  the  ridges  sometimes  few,  somcv 
times  mammillate,  often  numerous  and  with  every  intermediate 
gradation.  The  nose  is  prolonged  into  a  cylindrical  trunk, 
flexible  in  all  directiouB,  liighly  sensitive,  and  terminated  by  & 
prehensile  appendage  like  a  finger,  fig.  162,  n :  on  this  organ  is 
founded  the  name  Proboscidia  given  to  the  order.  The  feci 
are  pentadactylc,  but  the  digits  are  outwardly  indicated  only  by 
divisions  of  the  hoof ;  the  testes  are  abdominal ;  the  placenta  is 
annular ; '  the  mnmniiv  arc  pectoral. 

*  Bcfeidc*  the  annulnr  pUccntA  thert  k  •  subctrcuUr  viilotu  iuttch  at  cadi  pole  of 
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The  present  order  rests  with  the  Ungulata  mainly  upon  its 
hoofs :  the  dentition  and  some  other  particulars  of  the  organisa- 
tion of  the  Elephant,  indicate  an  affinity  to  the  Rmleutia:  the 
abdominal  testes,  the  two  precavals  and  exposed  cerebellum,  arc 
characters  of  the  inferior  subclasses:  but  the  cerebrum,  concomi- 
tantly with  the  bulk  of  the  mammal,  is  large  and  well  convoluted, 
and  the  psychical  qualities  correspond.  The 
earliest  known  evidences  of  Proboscidian  Un- 
gulates  arc  from  miocene  strata. 

The  typical  Ungulate  quadrupeds  are  di- 
vided, according  to  the  odd  or  even  number  of 
the  toes,  into  rEiussoDACTYLA  and  Aurio- 
DACTYLA.'  In  the  former  the  hoofs  may  be 
one  (Horse)  or  three  { Rhinoceros,  fig.  163): 
in  the  latter  the  hoofs  may  be  two  (  (jiiulle), 
or  four  ( Ilippopotdnnis),  or  two  functional  and 
two  rndinantal  (most  Ruminants,  fig.  164). 

hi  the  rerissudactyle  Ungidata— odd-toed  ^'Sn,"^'ni?i^L 
in  regard  to  the  hind-fuut  in  all,  and  with  the 
fore-foot  uus)  nunetrically  tetradactyle  in  the  Tapir — the  dorso- 
lumbar  vertebrie,  fig.  165,  C,  d,  ditler  in  number  in  dilierent  species, 
but  are  never  fewer  than  twenty-two;  the  feuaur  has  a  third 
trochanter,  ib.  65;  and  the  medullary  artery 
penetrates  the  back-part  of  its  shaft.  The 
fore-part  of  the  astragalus  is  divided  into  two 
very  unequal  facets.    The  os  magnum  and  the 
digitus  modi  us  which  it  su})})orts  are  large,  in 
some  dir«pro|)ortiouately  so,  and  the  digit  is 
symmetrical :  the  same  applies  to  the  ectocu- 
neiiorm  and  the  digit  which  it  supports  in  the 
hind-foot    If  the  species  be  horned,  the  horn 
is  single  :  or,  if  there  be  two,  they  are  jdaccd 
on  the  median  line  of  the  head,  one  behind  the  ArUrtdaciju? hoofed iimb: 
other,  each  being  thus  an  odd  horn.  The  nasals 
expand  posteriorly.^  There  is  a  well-^lcvcloped  post-tympanic  pro- 
cess which  is  pcparated  by  the  true  masund  from  the  paroccipital 
in  the  Ilurse,  but  unites  with  the  lower  part  of  the  paroccipital 
in  tlie  Tapir,  and  seems  to  take  the  place  of  the  mastoid  in  the 
lihiuoceros  and  ilyrax.     The  hmder  half,  or  a  larger  proportion 

tho  chorioaic  bag,  by  ivhich  i(  dcrivcil  additional  aUachnicnt  to  the  atcrus,  in  tlic 
£l«piMwt.  uui*.  p,  347,  pi.  xrl 

*  From  v«p4«v«MMriA«t,  qui  di^ttOfl  liabot  iin  pares  nnmeiOi  Sprtot,  par, 
MmrXot,  digitus.  *  ucxt.  p.  398. 
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of  t  he  palatineB  enters  into  the  formation  of  the  posterior  nares,  the 
oblique  aperture  of  which  commences  in  advaDoe  either  of  thekA 
mohar,  or>  as  in  most,  of  the  penultimate  one.  The  pterygoid 
process  has  a  broad  and  thick  ba8e»  and  is  perforated  lengthwise 
by  the  ectooarotid.  The  crown  of  from  one  to  three  of  the  hinder 
premolars  is  as  complex  as  those  of  the  molars :  *  that  of  the  lat 
lower  milk-molar  is  commonly  biiobed.   To  these  osteologiealaid 
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dental  cliaractcrs  maybe  added  soinc  important  modifications 
internal  btructurc,  as,  e.g.,  the  simple  form  of  the  stomach  and  \h. 
ca])acious  and  sacculated  caecum,  wliieh  equally  evince  the  rautui 
athnities  of  the  Perissodactyle  hoofed  (piadrupcds,  and  their  claims 
to  be  regarded  as  a  natural  group  of  the  Ungtdatfi.  The  placentJ 
is  replaced  by  a  diflfiised  vascular  villosity  of  the  chorion  in  all  tlie 
recent  genera  of  thi.s  order,  excepting  the  little  IFj/rox,  in  whicli 
there  is  a  localised  annular  placenta,  with  decidua,  as  in  tk 
Elcjihant.  But  the  diffused  placenta  occurs  in  some  genmof 
the  next  group,  showing  the  ina|)plicability  of  that  character  to 
exact  classification.  The  oldest  known  Perissodactyles  are  frotD 
the  lowest  tertiary  strata.  Many  extinct  genera,  e.g.  Coryphodon. 
Pliolophus,  Lophiodoiii  Tapirotherium,  PalaotJ^rium,  Ancitherim^ 
Hipparion,  Acerothcriuniy  Elasmothcrinm,  &c«j  have  been  dl*- 
coTeredf  which  once  linked  together  the  now  broken  series 

'  Some  early  tertiary  extinct  forma  (PliolopkuSf  Corj/phodon,  Lophiodon)  offeni 
exceptions  to  this  rale. 
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Feriaaodactyles,  represented  by  the  existmg  genera  Bhinoceros, 
Jfyrax,  Tapirusy  and  Equus. 

In  the  even-toed  or  *  artiodactyle  *  Ungulates,  tlie  dorso-lunilnir 
Y^rtebna  are  the  same  in  number,  as  a  general  rule,  in  all  the 
species,  being  nineteen,  fig.  166,  rf,  /.  The  vertebral  f'ornmlai  of 
the  Artiodact yie  skeletons  show  that  the  difference  in  the  niiinl)er 
of  the  so-caiied  dorsal  and  lumbar  vertebne  does  not  atiect  the 
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number  of  the  entire  dorao-lumbar  series :  thus^  the  Indian  Wild 
Boar  has  if.  13^  6=19;  the  Domestie  Hog  and  the  Peceari 
have  d.  14»  /.  5sl9 ;  the  Hippopotamus  has  15j  /.  4s  19  •  the 
Gnu  and  Aurochs  have  d.  14,  /.  5  b  19 ;  the  Ox  uid  most  the 
true  Ruminants  have  13,  6al9;  the  aberrant  Ruminants 
have  12, 1  7819.  The  natural  character  and  affinities  of  the 
Artiodactyle  group  are  further  illustrated  by  the  absence  of  the 
third  trochanter  in  the  femuTj  ib*  S5»  and  by  the  place  of  perfora- 
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tion  of  thd  medullary  artery  at  the  fore  and  upper  part  of  the 
sliaft,  88  in  the  Hippopotamus,  the  Hog»  and  most  of  the  Bumi- 
nant&  The  fore  part  of  the  astragalus  is  divided  into  two 
equal  or  sub-equal  £M$etB :  the  os  magnum  does  not  ezeeed,  or 
is  less  than  the  unoiforme,  in  the  carpus;  and  the  ectoeuna* 
form  is  lesSj  or  not  larger^  than  the  cuboid,  in  the  tarsus.  The 
digit  answering  to  the  third  in  the  pentadactjle  foot  is  un8ymme> 
tricai>  and  forms,  with  that  answering  to  the  fourth,  a  symmetrical 
pair.  If  the  species  be  homed,  the  horns  form  one  pair  or  two 
pairs ;  they  are  never  developed  singly,  of  symmetrical  form,  from 
the  median  line.  The  post^tympanic  does  not  project  downward 
diBtmcUy  fiom  the  mastoid,  nor  supersede  it,  in  any  Artiodactyle ; 
and  the  paroccipital  always  exceeds  both  those  processes  in  lei^^ 
The  bony  palate  extends  further  back  than  in  the  Perissodactyles  i ' 
the  hinder  aperture  of  die  nasal  passages  is  more  vertical  and 
commences  posterior  to  tlie  last  molar  tootL  The  base  of  the 
pterygoid  process  is  not  perforated  by  the  ectocarotid  artery. 
The  crowns  of  the  pronolars  are  smaller  and  leas  complex  than 
those  of  the  true  molars,  usually  representing  half  of  such  crown. 
The  last  milk-molar  is  trilobed. 

To  these  osteological  and  dental  characters  may  be  added  soiue 
modifications  of  internal  structure,  as,  e.g.,  the  complex  furm  of 
the  stomach  in  the  Hippopotamus,  Peccari,  and  liuminants ;  the 
comparatively  small  and  simple  cajcum  and  the  spirally  folded 
colon  in  all  Artiodactyles.  The  placenta  is  diffused  in  the 
Camel-tribe,  Chevrotains,*  and  Non-ruminants ;  is  cotyledonal  in 
the  true  Ruminants.  The  oldest  known  Artiodactyles  were  non- 
ruminant.-?,  and  from  eocene  beds.  Many  of  the  extinct  jsrencra^ 
e.g.  Chosropotantu.^,  Anthrncothcrium,  JL/opatamns^  Kn felodon,  \ 
JDichodvn,  AIcn/coj>otamtis,  XiphudoUy  Dic/tobioie,  Anoplatherium, 
Microtheriurii,  <SiC.,  linked  together  the  now  broken  scries  <  i 
Artiodactyles,  represented  by  the  existin^^  genera,  Hipj><>j>otamusy 
Sus,  Diiutj/les,  Camelus,  Aucheiiia,  Jloschus,  CamelopardaUt^ 
CervuSf  AntelopCf  Ovis,  and  Has. 

A  well-marked,  and  at  the  present  day  very  extensive  subor- 
dinate group  of  the  Artiodactyles,  is  called  l\imiinantia,  in  refer- 
ence to  the  sccuJid  mastication  to  which  tiie  loud  is  subject  alter 
haying  been  swallowed  ;  the  act  of  rumination  rcqnirinp;  a  |h^cu- 
liarly  comi)licated  form  of  stomach.  The  Euminauts  im\  c  the 
'cloven  foot,'  i.e.  two  hoofed  digit:?  on  each  foot  forminj^  n  sym- 
metrical pair,  as  by  the  cleavacre  of  n  single  lioof;  i?i  most  sj)ecies 
two  small  supplementary  huoied  toes  are  added,  lig.  166,  sp. 
■  Lxzi'.  p.  399.  '  ocuiTr.  Tol.  ii.  p.  136}  and  Lxstr. 
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The  metacarpals  of  the  two  functional  toes  coalesce  to  form  a  single 
'  cannon-bone,'  fin^.  16G,  57,  as  do  the  corresponding  metatarsaia^ 
ib.  69.  The  Camel-tribe  have 
the  upper  incisors  reduced  to  a 
single  pair;  in  the  rest  of  the 
liuminants  the  upper  incisors 
are  replaced  by  a  calloua  pad^ 
figs.  167,  168/  The  lower  oar 
imieB^fig.168,  Cf  are  contiguous, 
and,  save  in  the  Camel-trihey 
BUiiilar>  to  the  six  lower  ind- 
BOtB,  fonning  part  of  the  same 
terminal  series  of  eight  teeth, 
between  which  and  tlic  molar  series  there  is  a  wide  interval.  The 
tme  molars  have  their  grindlnrr  surface  marked  by  two  double 
crescents,  the  convexity  of  which  is  turned  inward  in  the  upper, 
fig.  168,    and  outward  in  the  under  jaw,  fig.  169,  \ 
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Many  fossil  Artiodactyles,  with  similar  molars  {Dichodon, 
Microttierium,  &c.),  appear  to  have  difiered  from  the  ftxiatSng 
Buminants  chiefly  by  retaining  structures  which  in  them  are 
tranaitorj  and  embryonic,  as,  e.g.,  upper  incisors  and  canines, 
fint  premdars,  and  separate  metacarpal  and  metatarsal  bones; 
these  are  among  the  lost  liuk.s  that  once  connected  more  intimately 
llic  Kuminants  with  the  Hog  and  Hippopotamus. 

The  third  division  of  the  Gyreneephala  eigoy  a  higher  degree 
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of  the  sense  of  touch  tlirough  the  greater  number  and  mobilit? 
of  the  digits^  and  the  smaller  extent  to  which  Ihe^r  are  covered 
by  horny  matter.  This  aubstance  forma  a-  (dngle  plate,  in 
shape  of  a  claw  or  nail,  whidi  is  applied  chieflj  to  one  of  tke 
surfaces  of  the  extremity  of  the  digit,  leaving  the  otfaer^  usttallj 
the  lower,  surface  possessed  of  its  tactile  faculty,  fig.  170;  whence 
the  name  Unguiculata,  which,  in  the  present  classification,  is  re- 
stricted to  this  group.  All  the  species  are  *  diphyodont,'  and  the 
teeth  have  a  simple  investment  of  enamel 
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Unffolcatote  Umb,  Lion.  OtrnlToroiu  dentiUon,  Bear. 


The  first  order,  Caskiyoba,  indades  the  beasts  of  i»ey,  pro- 
perly so  called.   With  the  exception  of  a  few  Seals,  llie  incaaon,  i 
fig.  171,  t,  are  ^  in  nnmber;  the  canines,  ib.  always 

longer  than  the  other  teeth,  and  usually  exhibiting  a  full  and 
perfect  (kvelojiement  as  lethal  weapons ;  the  molars,  ib.  /?,  m, 
graduate  from  a  trenchant  to  a  tuberculate  form,  in  proportion  as 
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Plnaicnde  foot:  Hind  UbIm,  BmL  Bone*  of  do. 

the  diet  deviates  firom  one  strictly  of  fiesh  to  one  of  a  more  mi^- 
odlaneouB  kind.  The  daviole  b  rudimental  or  absent ;  the  inner- 
most  digit  is  often  stunted  or  absent;  there  are  no  veaionls 
seminales ;  the  teats  are  abdominal ;  the  placenta  is  zonular.  Tlie 
CamiTora  are  diYided,  according  to  modifications  of  the  limba, 
into  '  pinnigradcs,'  <  phmtigrades,*  and  '  digitigrades.'    In  the 
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Pmnigradcs  (Walrus,  Seal-tribe)  both  fore  and  hind  feet  arc  short, 
and  expanded  into  broad,  webbed  paddles  for  swimmings  fig.  173» 
the  hinder  ones  heing  fettered  by  continuation  of  integument  to 
the  tail,  fig.  172.  In  tbc  Plantigrades  (Bear^tribe)  the  whole  or 
nearly  the  whole  of  the  hind  foot,  fig.  174,  forms  a  sole,  and  rests 
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foot,  bind  Umb.  Bmt. 


on  the  ground.  In  the  Digitigrades  (Cat-tribe,  Dog-tribe,  &c.)  only 
the  toes  touch  the  ground,  the  heel,  cl,  being  mu(£  raised,  fig.  175. 

It  has  been  usual  to  place  the 
Plantigrades  at  the  head  of  the 
Camivora,  apparently  because 
the  higher  order,  Quadrumana,  is 
plantigrade ;  but  the  affinitifls  of 
the  Bear,  as  evidenced  by  inter- 
nal structure,  e.  g.  the  renal  and 
genital  organs,  are  closer  to  the 
Seal-tribe ;  the  broader  and  fiat* 
ter  pentadacty  le  foot  of  the  planti- 
grade is  nearer  in  form  to  the 
Hipper  of  the  Seal  than  is  the 
more  perfect  digitigrade,  retrao* 
tiie-chiwed,  long  and  narrow  hind 
foot  of  the  feline  quadruped, 
which  is  the  liighest  and  most 
typical  of  the  Camivora.  The 
oldest  known  species  of  the  order 
are  of  eocene  tertiary  date. 

The  next  perfeetbn  which  is 
superinduced  upon  the  unguiculate  limb  is  such  a  modification 
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in  the  size,  shape,  position,  and  direction  of  the  inncrraost 
digit,  that  it  can  be  opposed,  as  a  thumb,  to  the  other  dij^it-!, 
thus  constituting  what  is  termed  a  '  hand.'  Those  Unguiculat<*j 
which  have  both  fore  and  hind  limbs  so  modified,  or  at  lea>: 
the  hind  limbs,  figs.  176,  180,  form  the  order  Quadrumaxa. 
The  incisors  are  commonly  and  the  molars  broad  and 
tuberculate;  they  have  perfect  cla\'icles,  an  os  penis,  pectoral 
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mamma*,  vesicular  and  prostatic  glands,  a  simple  or  slightly  bifiJ 
uterus,  and  a  discoid,  sometimes  double,  placenta.  The  Quadru- 
mana  have  a  well-marked  threefold  geographical  as  well  a» 
structural  division.  The  Strepsirhines  are  those  with  curve<l  or 
twisted  terminal  nostrils,  with  much-modified  incisors,  comraonlv 
premolars        Lichanotus,  fig.  177,  or       in  number,  and 


178  179 
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molars  with  sharp  tubercles ;  the  second  digit  of  the  hind  limh 
has  a  claw.  This  group  includes  the  Cialagos,  Pottos,  L.oriii, 
Aye-Ayes,  Indris,  and  the  true  Lemurs;  the  three  latter  genera 
being  restricted  to  Madagascar,  whence  the  group  (livergos  in  one 
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direction  to  the  contiiient  of  Africa,  in  the  other  to  the  Indian 
Archipelago.  The  Platyrhines  are  Quadnnnana  with  the  nostrils 
simple,  snhtcrminal,  and  wide  apart ;  premolars      in  number,  tlic 

molars  with  blunt  tubcrclea, 
fig.  178;  the  thumbs  of  the 
fore-hands  not  opposable,  or 
wanting  ;  the  tail  in  most  pre- 
hensile ;  they  are  ])cruliar  to 
South  America.  The  Cata- 
rhines  have  the  nostrils  oblifjuc 
and  approximated  below,  and 
opening  above  and  behind  the 
muzzle :  the  premolars  arc  f^^^ 
in  number,  fig.  179;  the 
thumb  of  the  forehand  is  op- 
posable. They  are  restricted 
to  the  Old  World,  and,  save 
a  single  species  on  the  rock 
of  Gibraltar,  to  Africa  and 
Asia.  The  highest  organised 
family  of  Catarhines  is  tail- 
less, and  offers  in  the  Gorilla, 
or,  as  some  contend,  the  Sia- 
mang,  fig.  180,  the  nearest 
approach  to  the  human  tyjic. 

In  all  the  tailless  Apes  the 
pelvic  limbs  are  short,  and, 
like  the  longer  pectoral  onos, 
arc  organised  for  gra>ping. 
The  pelvis  is  long  and  nar- 


row;   the  spine  shows  one 


curve,  and  articulates  with 
the  hinder  part  of  the  skull. 
There  is  a  sexual  distincticm 
in  the  teeth,  the  canines  being 
lonj;  and  laniariform  in  the 
males.  All  Quadruinana  arc 
clothed  with  hair.  The  oldest 
known  species  of  the  Qua- 
drumanous  order  are  of  mio- 
cene  date. 

The   structural  modifica- 
tions in  the  genus  Jlomo, — sole  representatiYc  of  the  Archencephala^ 
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— more  especially  those  of  the  pelvic  limbs,  by  which  tlid  erect 
f-tuturc  and  l)i pedal  <ralt  are  maintained, — are  such  aB  to  cdaim  Ibr 
Man,  uii  liii  iely  external  zoological  characters,  ordinal distilietklfii. 
at  least.    The  coiise.iiienee:*  of  the  liberation  of  one  pair  of  limbi 
from  all  service  iu  t^tation  and  progression,  due  to  the  extreme 
modificatiun  of  the  mher  pair  for  the  exclusive  discharge  o£  thote 
functions,  arc  greater,  and  invcdve  a  superior  number  and  quality 
of  ptjwers,  than  those  res^ulling  from  the  changeof  an  ungulate  into 
an  un;^aileiilate  eundition  of  limb:  and  they  demand,  therefore,  an 
equivalent  value  in  a  zoological  system.  But,  as  I  have  elsewhere 
argued,  Man's  psychological  powers,  in  association  with  his  extra- 
ordinarily developed  brain,  entitle  the  group  which  he  represent*  to 
rank  with  the  primaiy  divi-iuni"  of  the  class  Mammalia  founded  od 
cerebral  characters.    la  ihis  subela^s  Man  forms  but  one  genu?, 
J/umo,  and  that  genus  but  one  order,  called  BiMANA,  on  account 

uf  the  ojipoj-ahle  thumb  being  restricted  to  Lbe 
upper  pair  uf  limbs.  In  every  A]>e  the  pelvic 
lindj  ]?»  terminated  by  a  '  hand,'  fig.  17G  ;  in  everj- 
Man  by  a  '  foot,'  fig,  181.*  In  JJimana  the  testes 
are  scrotal;  their  serous  sac  does  not  cominuni- 
cate  with  the  abdomen;  ili  }  arc  associated  with 
vesicular  and  prostatic  gland.-.  The  penis  is 
j)endulous,  without  bone,  and  the  prepuce  h.t-  a 
fnunum.  The  numnnn?  are  pectoral.  The  pla<.  en ta 
is  a  single,  subcircular,  cellulo-vascular,  di:?cuid 
body. 

Man  is  naked,  and  is  the  sole  terrcfitnal  Mxun* 
mal  in  that  predicament:  of  the  partial  growths 
of  hair,  Uic  chief  protects  the  head,  and  is  distinctive  of 
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'  TliQ  fact  of  ihe  hotnologotis  boms  1)cIii<j:  determinable  in  the  pelvic  limb,  a*  in 
4»lhcr  purls  of  the  i«kc!cton.  of  Muniimils,  dues  not  inakc  the  crioi  iii^j  orcan  of  the 
^P<''t  i<'(>  the  loM  It  *  httUii/  iiur  Uoe»  it  prove  the  litcerattu^  orgnu  of  the  Liun, 
Af .  1 7A,  to  be  no  <  paw/  nor  the  •wiaoiing  urgan  of  t!w  Seal,  fig.  17S,  lo  be  no  *  fla.* 
l*rut  Huxlejr,  howevtftbj  poiiiUng  omihoie  hoinologici  between  Man  and  the  A|i% 
iiixicr  rolour  of  n  ueW  Oleaiellt  in  the  qaestion,  prohiMy  j^ersuiidcil  the  '  w  ot  king 
luvn  '  tor  whom,  ai  *  Oofiniincnt  Pn>fe»«or  '  in  the  ikhuol  of  Science,  he  Mlccteil  tuch 
•ut^loflnitnieUon,  Ihit  U  waa  ao  hnportant  orgumc&f  in  fiitoor  of  ilieir  Apc-origto. 
Ho  i|ieciooily  indeed  waa  thia  old  elementaijr  fiiet  in  xootomj  set  forth,  that  the  pro- 
pound(  I  siKCccdtil  in  dcciiving  aoino  non-anatomical  authon  into  a  belief  that  ba 
had  rcalijr  rjiii«lc  ft  iliscuTcrr.    8ce  CBAwrcRD,  'Antiquity  of  M.ui.*  8vr>.  1^63; 

*  lV)f.  Huxley  liatf  very  KutiBfactorily  ahown  that  the  detignatiou  ot  *'  quadramattc* 
or  ftHvbnaded,  to  Incomelly  qiplied  lo  tke  finnflj  of  monlteyt.  Thdr  fiect  ere  f«a] 
feet,  ahhou^h  prehensile  r^iee  ;  bttt  tbe  upper  limbs  are  true  hands,'  &c..  p.  18  ;  elto 
I<Yui.i.,  *  Antiquity  ot  Man,'  8vo.  1863,  p.  47fi  cl  »eq.;  whom  I  would  refer  to  CcTK^ 

*  Lc^'uua  U'Atwtloiuic  Compart,'  8to.  lavb,  torn.  L  p.  376, '  l>cs  os  Uu  coud6>|dc4,* 
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The  dentition  of  the  genua  Homo  is  reduced  to  thirty-two  teeth 
by  the  suppression  of  the  outer  incisor  and  the  first  two  prcniulara 
of  the  typical  series  on  each  side  of  both  jaws,  the  dental 
formula  being : — 


The  teeth  are  of  equal  length,  show  no  sexual  distinctions,  and 
there  is  no  break  in  the  series ;  the^  are  subservient  in  Man  not 
only  to  alimentation,  but  to  beauty  and  to  speech,  fig.  182. 

The  human  foot  is  bjroad>  plantigrade,  with  Ac  sole,  not  in- 
Terted  as  in  ^uadrumana$  but  appUed  flat  to  the  ground ;  the 


leg,  fig.  fir,,  Ijcars  vertically  on  the  fcx»t ;  the  lioel,  rs,  is  ex- 
]>andcd  boue.ith  ;  the  toes  are  short,  but  with  the  innermost,  f, 
longer  juhI  inueh  larger  than  the  rest,  forming  a  Oialhix  '  or  great 
toe,  whlcli  is  phieeil  on  the  same  line  with,  and  eannot  1m  < opposed  to, 
the  other  toe^  :  tlie  pplvi-j.  f  ?.  r..-^,  is  short.  Iiroad,  and  w  i(h\  kpep- 
in^  well  apart  tlie  thij^lis  ;  and  the  neck  ot  the  lemui-  1-  1  ii*^,  and 
lorms  an  open  angle  with  the  shaft,  65,  increasing  I  lie  !i:isis  of 
»up|»ort  for  the  trtink.  The  whole  vertebral  eolntnn,  with  its 
slight  nltornntr  rm  ves,  and  the  wf>Il-p<)i«sed,  short,  hut  caj>a<'i«>us 
subglobular  skuii,  arc  in  like  Imrmony  witli  the  requirements  of 
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Ibe  erect  ponlioD.   The  widely-scpwted  shoulden,  with  broad 

scapulflB   and  complete 
davides^  58,  give  a 
Tourable  positioii  to  the 
upper  limbs,  now  libera- 
ted  from  tbe  senrioe  of 
locomotion^  with  complex 
joints  for  rotatory  as  w ell 
as  fleille  movements,  and 
terminated  by  a  hand  of 
mfit^MAM  perf Lc  t  ion  of 
Btmcture  the  fit  instru- 
ment for  executing  tbe 
behests  of  arational  intel- 
ligence and  a  free  will. 
Hereby,  though  naked, 
Man  can  clothe  himself, 
and  rival  all  native  vest- 
ments in  warmth  and 
beauty ;  though  defence- 
less, Man  can  arm  him- 
self with  every  variety  of 
weapon,  and  become  the 
most  terribly  destructiTe 
<^animals.  Thushefnl- 
fils  his  destiny  as  the 
master  of  this  esrth,  and 
of  the  lower  Creation. 

The  system  of  Cuvier 
being  stiU  in  use  in  some 
estimable  works,  and  the 
one  according  to  whi^ 
groups  of  Mammals  are 
most  commonly  referred 
to  in  physiologioal  and 
paleontological  profMiai* 
taons,  an  outline  thereof » 
as  applied  to  that  dasa, 
is  here  appended,  with 
a  nmilar  outline  of  the 
clasnfication  adopted  in 
the  present  woric 
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CHAPTEK  XXVI. 

OSSEOUS  SYSTEM  OF  HAUHALIA. 

§  175.  General  Characters  of  the  Skeleton. — The  08860118  tissue 
and  the  bone-cellg  characteristic  of  it  in  the  higher  members  of  the 
Mammalian  class  arc  shown  in  Vol.  I.  p.  23,  figs,  14,  15,  In  the 
Lyencephala  {Ornithorhynchus,  Echidna^  Kangaroo,  Rat,  Beaver, 
Slotli,  Hedgehog,  Mole),'  the  Haversian  canals  resemble  those  of 
Birds  in  their  smaller  relative  size,  as  do  the  bone-^ls  in  the 
nnmber  and  peculiar  branchings  of  their  canaliculi,  compared 
with  higher  Mammalia;  in  these  the  radiated  disposition  of  the 
canaliculi,  concomitantly  with  the  shorter  and  wider  funn  of*  tlie 
cells,  becomes  more  marked,  as  shown  in  fig.  14,  VoL  I.  In 
the  larger  Cetacea  the  bone-cells  have  a  larger  size  and  less 
regular  shape,  and  send  off  long  branching  canaliculL'  The 
osseous  tissue  in  Mammals  is  less  dense  and  compact  than  in 
Birds :  the  long  bones  have  medullary  cavitaes,  as  a  rule,  re- 
latively larger  than  in  ReptiHa^  smaller  and  with  thicker  walls 
than  the  homologous  pneumatic  cavities  in  Birds.  In  the  Cetacea 
and  the  Sloths,  recent  and  extinct,  the  long,  like  the  other,  bones 
are  solid,  the  central  tissue  being  cancellous:  in  the  Sirenia^e 
bone  of  the  thick  ribs  is  dense  and  compact  throughout:  the 
harde-^t  bone  in  the  present  class  is  that  which  is  accordingly 
termed  'petrosal,*  especially  in  the  Whale-tribe,  in  which  its 
specific  gravity  reaches  2-433,  that  of  ivory  being  1*744. 

The  proportion  of  the  Mammalian  skeleton  which  is  pneumatic 
is  noticed  in  VoL  I.  p.  25.  The  vertebral  bodies  and  the  limb- 
bones  have  the  articular  surfaces,  in  the  growing  state,  supported 
r>n  distinct  ])lates,  called  '  epiphyses,'  which  usually  coalesce  with 
the  rest  of  the  bone,  at  maturity.  Examples  of  the  exoskeleton 
are  seen  in  the  ArmadiUos  and  their  huge  extinct  congeners  the 
Qlyptodons:  small  detached  bony  nodules  were  also  developed 
in  parts  of  the  thick  tegument  of  the  Megatherioids.'  The 
lacrymal  is  properly  a  mucous  scale-bone.  The  bone  of  the  heart 

>  ocxcin.  pU.  xL  and  xil        ■  lb.  i».  151.        *  Barmoiiter,  MS, 
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in  large  Ruminants  is  referable  to  the  *  sjilanchnoskeleton  ; '  the 
ojssiiicd  tciuluns  iu  some  buiall  Musk-Dccr  to  tlic 
*  sclcroskeleton.' 

In  the  Mammalian  class  the  centrum,  figs.  14  1, 
184,  c,  coalesces  M-ith  the  neural  arch,  il>. 
throughuut  the  vcrtebnij  of  the  trunk.  In  the 
seven  anterior  vcrtebnc,  fig.  18o,  i-r,  the  pleur- 
apophyses  are  short  and  commonly  coalesce  with 
the  centrum  and  diapophysis,  circumscribing  the 
lateral  fi)ramiaa  fiar  the  *  vertebral '  arteries.  In 
the  Monotreraes  they  retain,  as  in  Reptiles,  their 
individuality,  fig.  186,  a.  In  Cttaceu  the  inter- 
space between  the  cervical  par-  and  di-aiK)phvse<i 
is  not  alwaj's  closed  hy  bone    Occasionally  the  pleurapophyses 

of  the  seventh,  fig.  185,  a, 
bf  and,  more  rarely,  also  of 
the  sixth,  o,  vertebra\,  mani- 
fest their  rib-like  nature  bv 

• 

increase  of  length,  and  free- 
dom of  articulation,  even  in 
Man;  but  these  segments 
are  not  completed  by  the 
ha}maix)pliyses  and  haemal 
spine.  Tliis  resumption  ol* 
tyi)e  takes  place  in  the  eighth 
vertebra,  ib.  c,  d ;  and  the 
dorsal  series  of  vertebra'  here 
begins,  as  a  rule,  in  Mam- 
mals. The  most  marked  ex- 
ception occurs  in  the  Ai 
(JJratli/jjus  tridacti/Ius) :  and 
if  the  vertebras,  fig.  185,  b,  «,  9,  8ui)porting  the  pleurajMijihyscs, 

a,  h,  be  regarded  as  homologou-* 
with  the  first  two  dorsals  in  other 
Mammals,  the  excei»tion  is  so  far 
saved :  but  the  presence  of  short 
])leurapophyses  in  all  the  cer- 
vical vertebrie  and  their  t>ooa- 
sional  dcvelopement  in  the  la^^t 
two,  as  in  fig.  185,  A,  supiKJrt  the 
recojrnition  of  the  tenth  verte- 
bra  in  the  Three-toed  Sloth,  ib.  B, 
10,  f,  d,  as  the  first  dorsal.  The 
plcurapopbyses  of  the  dorsal  ver- 


18« 


Digitized  by  Google 


OSSEOUS  SYSTEM  OF  MAMMALIA 


2&9 


187 


tebrsD,  figs.  184,  and  186,  pl^  are  subject  to  slight  displacement, 
and  tlicir  articulations,  like  those  ut'  the  liLurapophyses  in  the 
Bird'is  sacrum,  extend  over  the  interspace  between  their  own  and 
a  contiguous  centrum.  The  ha3mapophyses,  ib.  h,  arc  rarely 
ossified :  the  exceptions  occur  in  the  lowest  subclasses  (Duck- 
Mole^  Anuxidillo^  Sloth):  in  the  .MoiiutremciS  a  ]>ortiuii  ui  c  ;irtilage 

intervenes  between  the  ])leur-  and  ha;m- 
apophyses.  Some  of  the  posterior  hiemapo- 
physes  have  no  haemal  spine,  but  terminate 
freely,  fig.  187,  r,  or  in  connection  with 
each  other.  The  segments  typically  com- 
pleted, 2^  ill  fig.  184,  nre  railed  *  vertebraj 
with  true  ribs,*  those  not  so  completed  *  ver- 
tebrae with  false  ribs,'  in  Anthroixitomy. 

The  ha?mal  spine  of  each  thoracic  seg- 
ment is  separately  developed.  They 
commonly  remain  distinct,  fig.  18  7,  9,  9, 
forming  a  chain  of  ossicles,  answering  in 
number  to  those  anterior  dorsal  segments 
which  they  complete :  they  coalesce  with 
each  other  in  some  Mammals,  and  form 
collectively  the  'sternum.'  Only  in  Mono- 
trenips  is  there  an  €|)istcrnuni,  fii^^s.  186, 
r,  1>^7,  9,  or  luemal  spine  ui  a  c  rrvical 
segment,  to  whicli  the  clavich's  articulate. 
As  the  dorsal  vertebra?  recede  in  position 
the  plcurapophyscs  become  shorter,  return 
to  their  proper  segment,  and  usually  be- 
come appended  to  its  diapoj)hy8i8.  When 
it  becomes  confluent  therewith,  or  replaces  that  process,  the 

*  dorsal '  series  ends  and  the  '  lumbar '  oiic» 
fig8.166»/yl83,i-6,begu».  These Tertcbra; 
are  commonly  more  numerous  in  Mammals 
than  in  Reptiles.  Their  htcmapophyses^ 
the  abdominal  ribs  of  Keptiles — are  re- 
presented by  the  *  intersectiones  tendineis 
musculi  recti,'  &c.,  the  lowest  pair  are  par- 
tially ossified  as  *  marsupial  bones,'  fig.  1 87, 
6,  in  Lyencephala.  In  the  MuHiata  the 
'  sacrum '  is  defined  by  the  reappearance  of 
the  ossified  hemapophyses,  fig,  169, 63,  of 
a  segment  at  the  end  of  the  trunk.  In 
Cetaeta  it  is  snspendcd  beneath  its  segment,  as  in  Fishes,  and 
may  support  some  rudiment  of  a  pelyic  or  ventral  fin,  ih.  ss,  ss. 
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In  Sirenia,  the  liicmapophyses,  fig.  188,  A,  a,  arc  eoimected 
pleiirapophyses,  ib.  2,  completing  the  haemal  arch  with  the  dia- 
j)0])hysc8  d,  1 ;  and  the  Batrachian  condition  of  pelvis  (Vol.  T.  p.  4H, 
p.  163,  fig.  101,  d)  is  resumed.  In  the  rest  of  the  class  two  or 
more  segments  following  the  lumbar  series  hecome,  like  those 
in  the  head,  the  seat  of  modifications  by  anchylosis  of  the  cen- 
trums, flattening:  ami  l)r(»a(1(  ning  with  an  expanse  of  the  netiral 
canal;  and  wiili  tliese  moditications  if  associated  gi'cat  (levclof*e- 
ment  of  the  haemal  arches  of  two  of  tho^e  segments,  lig.  187. 
4  and  5,  which,  therefore,  have  got  special  names,  as  *  ischium," 
ib.  4,  and  *  pubis,'  ib.  5.  These  are,  however,  connected  with 
their  respective  sejyments  by  a  concomitant  expanse  of  tlio  single 
pleurapophysial  element,  fig.  188,  pi,  which,  so  moditioc],  ha^  the 
name  of  *  ilium,'  and  in  some  I.i/cncephola  (  Sloths,  MoLcatherioicl*, 
Armadillos)  rcsciiible.'^  that  bone  in  Birds,  by  the  number  of  sawral 
segments  with  which  it  articulates  or  coalesces. 

The  caudal  segments  in  INIammals  are  chamctensed  h\  the 
abrupt  cessation  of  the  pleurapophysial  developcuK  iit  fnrming  t^? 
jHnni,  by  the  retention  of  the  riblet,  or  boirinTiitig  of  the  pleura- 
]MiI)liy«is,  aneliyiosed,  as  a  diapophysis,  £g.  1^8,  fi,  and  hv  the 
approximation  of  the  hiemapophyses,  ib.  //,  3,  to  the  under  surface 
of  the  centrum,  c,  as  at  //,  4,  the  divcr<i;ent  bases  articulating  there- 
with, and  the  apices  cortvergin^^  to  unite  with,  or  develoj)e,  ahsema) 
spine,  ib.  The  wider  ])elvic  h;emal  canal  encompassed  termiiul 
parts  of  the  generative  and  intestinal  canals;  the  narrower  caudal 
one  has  only  to  defend  the  main  blood-vessels  of  the  tail.  Th-- 
terminal  raiidal  vertebrae  are  progressively  reduced  in  size  and 
complexity,  and  vary  c;rrntly  in  number:  anohjlosis  is  an  ezoqK 
tion  {Dfisi/pus,  e.g.)  in  tiiis  region. 

§  176.  General  Characters  of  the  Skull. — Pursuing  the  snrrer 
of  the  Mammalian  modifications  of  the  Vertebrate  aichetjpe  ii 
they  appear  in  the  segments  of  the  skeleton  forming  the  skiiU, 
with  the  light  of  the  stage  of  developement  manifested  in  in 
immature  Mammal  when  a  certain  growth  has  proceeded  from  the 
several  points  of  ossification  established  in  the  primordial  mem- 
branous and  cartilaginous  basis,  we  find  that  the  neural  arch  <  f 
the  occipital  veitebra,  fig.  189,  Ni,  i,  2,  and  3,  agrees  with  that  (jf 
the  Bird  and  Crocodile  in  the  connation  of  the  diapophysis,  4, 
with  the  neurapopliysis,  2 ;  but  the  process,  called  •  paroccipitaU* 
now  descends  from  the  lower  part  of  the  arch,  and,  in  manv 
Mammalsy  is  of  great  length.  An  articular  condyle  is  developed 
from  each  neurapophysis,  2,  which  articulates  wiA  the  ooncaTe 
anterior  sygapophysis  of  the  atlas^  and  is  the  homolype  of  the 
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^>osterior  zygapophysis  in  the  tnink-vcrtebne.  Th«  centmm,  i, 
is  rc^lucetl  to  a  compressed  plate,  and  its  hinder  articuhur  surface 
is  not  more  developed  than  Is  the  front  one  of  the  centrum  of  the 
atlas,  with  which  it  in  connected  by  ligament.    The  expanse  of 


BMe  Ttew  of  cnaWi  v«ft«bf«  umI  appcstefM,  Ho*. 


tlie  o('ci]>ital  spine,  .3,  has  heen  governed  by  the  superior  develope- 
uient  (»t"  the  <'erel)elliini  in  tlie  Maninialian  class. 

The  lixuiul  arcli  of  the  occij)ital  vertebra  in  here  represented, 
like  th(»se  of  the  cervical  vertebrae,  by  the  pleiirupopliysial  elementi* 
only;  but  these  arc  developed  into  broad  triangular  plates  with 
ituti^tanding  processes :  that  called  *  t*pine,'  5i ,  is  exogenous ;  but 
that  called  'coracoid'  is  developed  from  an  Independent  osseous 
centre,  which  is  a  rudiment  of  the  hicmapophy.sis,  coalesces  with 
the  pIeurapoj)hysis,  and,  in  the  [)resent  class,  only  attains  its  nor- 
nuil  proportions,  completing  the  arch  at  figs.  186,  r/,  187,  2,  w  ith  the 
ha  inal  s]>ine,  ib.  9,  in  the  Monotremes.  The  diverging  appendage 
(rore-iindj,  j.}~57j  of  this  arch,  though  retaining  the  general  fea- 
tures of  its  primitive  radiateil  form,  has  Ijeen  the  seat  (»f  great  de- 
velopement  and  much  modification  and  adjustment  of  its  different 
huhdiN  i>ionM  in  relation  to  the  lucomutive  ofiice  it  is  now  called 
U]>on  to  perform. 

With  the  exception  of  this  excess  of  dcvelopement  of  the 
appendage,  the  defective  dcvelopement  and  displacement  of  the 
hiemal  arch,  and  the  eoulchcence  of  the  diapophyses  in  the 
neural  arch,  there  are  lew  ])oints  of  resemblance  which  are  not 
bufficiently  salient  between  the  segment  rei)rcsented  by  tlie  bones, 
Mi,  1,2,  and  3,  in  the  MamiuaJ,  and  that  so  marked  in  the  Fish,  Vol.  1. 
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fig.  81.  And,  if  the  interpretation  of  tbe  more  normal  or  arehetjitt] 
condition  of  this  segment  in  the  lower  Vertebrate  animal,  %. 
101,  A,  Vol.  I.,  be  accepted,  so  also  must  be  the  explanation  here 
given  of  the  nature  of  the  modifications  of  the  special  homol<^gii0 
of  the  oonstitucnts  of  the  occipital  segment  by  which  that  arclie* 
type  is  masked  in  the  MammaL  A  single  nerve  anpplies  the 
appendage,  53-57, in  Protopteru$\  subsequent deyelopement of  tfait 
appendage  in  higher  forms  presses  more  nerves  from  other  centra 
into  its  service;  these  do  not  originate  the  complex  oonditiooi 
calling  for  them.  And  if  the  simple  limb,  fig.  101,  A,  53-57,  be 
the  special  homologue  of  the  complex  one^  fig.  189,  ss-s7j  neither 
the  number  of  nerves,  of  vessels,  or  ctf  terminal  rays  can  afftd 
the  conclusions  deducible  from  fig.  101,  as  to  its  general  natare 
in  rektion  to  the  Vertebrate  archetype. 

In  die  second  segment  of  the  skuU,  Kn,  the  centrum,  s,  is  ki^ 
distinct  from  both  i  and  s;  and  l2ie  hsoonal  arch  (hyoid  bone- 
retains  its  natural  connection  with  the  rest  of  the  aegment,  asd 
by  means  of  a  more  complete  deyelq)ement  of  the  pleumpppl^iM^ 
a«,  than  in  any  of  the  ioSrerior  air-breathing  Vertebrates.    In  tk 
Hog,  as  in  otiier  Mammals,  may  be  separated,  without  artiikiil 
division  of  any  compound  bone,  the  entire  parietal  segment,  Vc 
-with  it  is  brought  away  the  petrified  capsule  of  the  aooustie  orgn 
and  the  anchyloeed  distal  piece,  17,  of  tiie  maxillary  appeodag;. 
which  more  or  less  conceals  the  typical  character  of  the  nemi 
arch  of  the  parietal  vertebra  in  every  Mammal :  least  bo>  howefei 
in  the  Monotremee  and  Ruminants.  The  neiu^apophyses,  e,  of  ^ 
parietal  vertebne  have  coalesced  frith  the  centrum,  s,  bnt  retn 
much  of  the  proportions  they  present  in  the  coId*blooded  dbasis: 
for  the  mesencephalic  segment  of  the  brain  is,  in  fact,  but  lil^ 
more  developed  in  the  Mammal :  they  are  notched  in  ibe  preaec: 
example,  but  are  perforated  in  the  Sheep,  by  the  larger  divim 
of  the  trigeminal,  and  they  send  down  an  exogenous  prooait 
which  articulates  and  sometimes  coalesces  with  the  appendage, 
of  the  palato-maxillaiy  arch,  and  with  the  pleurapophysis,  30.  / 
the  same  arch.    The  neural  spine,  7,  always  developed  from  % 
pair  of  centres  in  Mammals,  often  vastly  expanded,  and  sometiice! 
complicated  with  a  third,  intercalary  or  interparietal  osseous  piec^ 
in  subserviency  to  the  large  size  of  the  prosencephalon,  is  CK>.i- 
sionally  uplifted  and  removed  from  the  ncurapophyscs  by 
interposed  squamous  expansion  of  the  bone,  27;  but  this,  whi 
reminds  one  of  the  occasional  separation  of  the  neural  arch  frv-s 
the  ccntrnm  of  the  atlas  In  Fishes,  is  a  rare  modification  in 
Mam1nal1a.11  claiirf.    The  diapophysis,  8,  always  commences  fta 
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autogenous  element  by  a  distinct  centre  of  o^^ificatlou ;  in  most 
Mainmak  it  speedily  coalesces  with  tlie  petrosal,  but  not  in  the 
Babyrousga,'  e.g. :  it  usually  coalesces  with  the  squamosal,  «7,  as  in 
the  Hog ;  but  retains  its  distinctness  in  the  Echidna ;  its  apophysial 
character  is  usually  well-marked,  and  it  is  kno^%-n  as  the '  mastoid 
process'  in  Anthropotomy.  In  most  Manunals  the  pleurapophysis, 
88,  retains  its  primitive  independency  and  rib-like  form,  with  usually 
the  '  head '  and  *  tubercle ; '  but  by  reason  of  its  arrested  growth  it 
has  been  called  '  styloid '  bone  or  process.    Sometimes  it  is  sepa- 
rated frcHQ  the  short  hiemapophysis,  40,  by  a  long  ligamentous 
tract,  sometimes  is  immediately  articulated  with  it,  or  by  an  inter* 
vening  piece.    The  hasmal  spine,  4i,  is  usually  small,  and  always 
single.  The  mdiments  of  hypobranchial  elements,  46,  are  retained 
as  diverging  appendages  of  the  parieto-htemal  arch  in  all  Mam- 
mals, and  have  received  the  special  names  of  *  posterior  comna,* 
or  *  thvroliyals/  from  their  snbserrient  rektionship  to  the  larynx. 

In  the  frontal  segment,  Nns»the  centmm,  9,and  nenrapophyses,  10, 
very  early  coalesce.  Two  separate  osseous  centres  mark  out  the 
body,  and  each  neurapophysis  has  its  distinct  centre,  the  optic  fora- 
mina, op,  being  first  snrronnded  by  the  conrse  of  the  ossification 
from  tliese  points.  The  superior  developement  of  the  nenrapophy- 
sial  ]>Iates,  10,  as  compared  with  those  of  the  parietal  rertebra,  6,  in 
most  Mammals,  harmonises  with  the  greater  developement  of  the 
prosencephalon ;  but  the  chief  bulk  of  this  segment  is  protected 
by  the  expanded  s])ine8  of  the  frontal,  11,  and  parietal,  7,  vertebne, 
and  the  intercalated  squamosal,  37.  This  appendicidar  piece  not 
only  fulfils  some  of  the  functions  of  the  proper  cranial  nenrapo- 
physes, but,  likewise,  the  normal  office  ( >f  the  frontal  pleurapophysis, 
18,  in  the  support,  viz.,  of  the  distal  elements  of  the  haemal 
arch,  20-32,  wliich  now  articulate  directly  with  27,  in  place  of  2?», 
as  in  all  oviparous  Vetcbrates.  The  true  pleurapophysis  of  the 
frontal  vertebra,  98,  is  almost  restricted  in  the  Manunalian  class  to 
functions  in  subserviency  to  the  organ  of  hearing ;  is  sometimes, 
as  in  the  Hog,  swollen  into  a  large  bulla  ossea,  like  the  parapo- 
physes  and  pleurapophyses  of  the  cervical  vertebra  of  CobiiU ;  is 
sometimes  produced  into  a  long  auditory  tube,  and  sometunes 
reduced  to  the  ring  supporting  the  tympanic  membrane.  Yet, 
under  all  these  changes,  since  its  special  homology  is  demonstrable 
with  «s  in  the  Bird,  fig.  26,  Turtle,  fig.  91,  Vol.  L,  and  Crocodile^ 
fig.  92,  Vol.  L,  as  well  as  with  the  teleologically  compound  bone, 
ss,  a,  b,  c,    in  the  Fish,  fig.  81^  Vol.  L>  so  likewise  must  its  general 

*  ZLtv.  ^  556,  no.  83SS»  tn  which  the  petml  it  imtrnctiTdf  diitisct  tnm  «n  the 
sanosadisg  T«ftcbrtl  tlcaimto  cooipottng  the  otocriiie. 
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homology  be  equally  reoognised.  The  frontal  bemapo^ytt, 
fig.  189,  M,  and  the  corresponding  half  of  Ihe  luemal  spine,  ilLft, 
are  connate  on  each  side  in  all  Mammals*  The  arch,  as  m  otlw 
air-breathing  Vertebrates,  has  no  diTerging  appendage. 

The  nasal  segment,  Kiv>  is  chiefly  complicated  by  IheoonfloeDee 
of  parts  of  the  enormously  developed  ol&ctoiy  capsules,  is,  and 
its  typical  character  is  further  masked  by  the  compreuka  lad 
mutual  coalescence  of  the  neurapophyses,  14.   The  centnm  s 
usually  much  dongated,  as  at  is,  and  soon  coalesces  widi  botk 
neurapophyses,  14,  and  with  the  nasal  capsules,  is.   The  ncvnl 
spine,  t6,  is  bifid.    The  pleurapophyos,  so,  or  proximal  dcsNDt 
of  the  hsemal  arch  of  the  nasal  yert^ra  has  its  real  chincter  aul 
import  almost  concealed  by  the  excessive  developement  of  ik 
second  element  of  the  arch,  si,  which  resumes  in  MammabiH 
those  extensive  collateral  connections  which  it  presented  is  tk 
Crocodile ;  and  to  which  are  sometimes  added  attachments  to  ibe 
expanded  spine  of  the  frontal  vertebra,  as  well  ss  to  that  cf  iif 
own  segment    The  pleurapo])liysiB,  however,  besides  its  nonnl 
flttaehin«nt  to  its  centrum,  is,  sends  up  a  process  to  the  oM^k 
order  to  effect  a  junction  with  its  neurapophysis.   The  linnl 
spine,  'J2,  is  developed  in  two  moieties,  which  never  coaleMt  i 
together,  although,  in  the  higher  Apes,  and  at  a  very  eadj 
period  in  ^lan,  each  half  coalesces  with  the  luemapophysis,  ad 
repeats  the  simple  hoinogcneous  character  of  the  correspondug 
elements  of  the  succeeding  (mandibular)  arch. 

The  appendicular  clement,  24,  wliich  diverges  from  the  plcui* 
pophysis,  20,  contributes  to  fix  and  strengthen  the  palato-maxillirr 
arch  by  attaching  it  to  the  descending  process  of  the  parietal 
ceutruui,  6:  with  which,  in  most  Mammals,  it  ultimately  coalt^;4e\ 
The  other  elements  of  the  diverging  member  of  the  arch  corre- 
spond in  number  and  in  the  point  of  their  divergence  with  thdt^i 
in  Birds,  Chelonians,  and  Crocodiles.    They  are  two  in  number, 
siiceeediiig  each  other,  and  bc>th  become  seats  of  that  expanii^T 
<levelopemcnt  which  is  followed  by  the  iiiuhij>iication  of  thei^iui' 
of  connection  ;  thus  the  proximal  piece,  26,  '  malar  l)one/  is  m- 
nectcd  in  the  Hog  not  only  with  the  hsemapopliysis,  21,  fr 
which  it  diverges,  but  likewise  with  the  muco-rlennal  Uih 
called  *  lacrymal,'  73.     The  distal  piece  of  the  appendage,  r 
expands  as  it  diverges,  and  fixes  the  naso-hajmal  arch  not  only  t 
the  frontal  i)leurapophysis,  28,  and  parietal  parapophysis,  s, 
also  to  the  frontal,  parietal,  and,  sometimes,  occipital  neurai>'> 
pliyf'es  and  spines:  it  also  affords,  in  the  Hog,  as  in  other  Maai- 
^nals,  an  articular  surface  to  the  frontal  hiemapophy&is, 
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The  siqw  hj  which  the  bony  eapBule  of  the  otie  orgm  is 
finally  cU&rentutod  mod  individiuHaed  in  MammalB  ere  imtrao- 
tiTe  ezampfeB  of  that  eharaoter  of  adTance  in  organisation.  The 
ex*  and  par-oedpitals  which  contribute  a  partial  bony  support  to 
the  back  part  of  the  gristly  cap- 
sule in  Fishes  and  Reptiles,  and 
coalesce  with  that  fully  ossified 
capsule  in  Birds,  remain  distinct 
from  the  petrosal  ui  all  Mtunmals. 
The   alisphenoid,  which  contn- 
butes  a  juirtial  bony  support  to 
the  fore  part  of  the  gristly  otic 
capeuie  in  Haematocrya,  and  co- 
alesces with  the  same  part  of  the 
bony  capsule  in  Birds,  has  like- 
wise permanently  liberated  itself 
therefrom    in    Mammals.  The 
mastoid,  which  contributes  a  bony 
8upi>ort  to  the  outer  part  of  the 
otic  capsule  in  cold-blooded  Ver- 
tebrates, and  is  extensively  con- 
fluent with  the  same  part  of  the 
ossified  capsule  in  iiird^,  retains 
such  confluence  in  some  Mam- 
malB,  but  instructively  manifests 
its    primitive   independency  in 
others.    In  the  Cetacea,  where 
the  mastoid  and  paroccipital  are 
distinct  iVdin  the  pctrf>pnl,  this 
capsule  coalesces  with  the  tym- 
panic, which,  having  lost  its  man- 
dibular function,   is   fixed  and 
contracto  anchylosis  with  the  pe- 
trosal.   The  Babyroussa  exempli- 
fies the  essential  individuaUty  of 
the  acoustic  capsule,  the  petrosal 
not  only  being  ossified  from  its 
own  centre»  but  remaining  dis- 
tinct from  eyery  bone  of  the  oto- 
crane.^ 

{177.  Oeiural  Characters  of  th€  Iambi, — The  diverging  append- 
age of  the  occipital  yertebra  is  never  absent  in  Mammais^  and 

*  zur.  pb  M,  not.  sa8S»  894ft. 
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oflfen  ita  moet  simple  oondition  in  the  Hone,  fig.  1 90.  It  is 
tially,  as  in  Ptotopterwy  a  jcnnted  ray,  but  every  part  la  adap- 
tively  modified  for  special  ends  and  reciprocal  a^juatmeiit  and 
interplay ;  in  the  monodactyle  Mammal  it  is,  in  fact,  tlie  result  of 
simplification  from  a  more  complex  ancestral  condition  of  limb,  ia 
reference  to  the  application  of  that  limb  to  a  more  vigorona  Idad 
of  locomotion.  Viewing  the  framework  of  saeh  limb,  here*  in 
merely  its  archetypal  relations,  we  remark  that  the  sopporting 
arch  is  incomplete,  as  in  most  Mammals ;  the  pleurapophysis,  a.  A, 
is  expanded  into  a  *  8cai)ula/  with  its  coalesced  lMema|jophy  ds  as  a 
<  coraooid  *  process,  ib.  K  The  first  segment  of  the  appeiidage  it 
modified  as  *  humerus/  a ;  the  second  segment  as  *  radios,*  o,  with 
whi<^  has  coalesced  the  process  u,  developed  in  most  Mammals 
as  *  ulna.'  In  the  blastema  between  the  second  and  third  rsj  bftve 
been  formed  a  cluster  of  ossicles  called  *  carpal/  tr,  z,  2,  3 ;  the 
third  s^ment,  4, 5,  is  a  metacarpal,  and  with  it  are  oonneeted  two 


191 


stylitbrm  appendages,  f>,  7 ;  tlie  abortive  reinnantij  of  other  mc- 
tacarpalg.  Next  follow  the  three  terminal  shorter  sojjnient;*  of 
the  linjl)-ray  ealled  *  phalanjres,'  m,  14,  15;  the  whole  fonuin^  the 
•digit'  which  answers  to  tlie  middle  finger,  ill,  in  the  pentada.-- 
tyle  foot  of  hejust  an<l  in  the  hand  of  man.  (iradational  stops  t«»  rJii- 
perfect  condition  of  '  hand'  are  selected  from  the  Mammals  \\n\\ 
claws,  in  fig.  191.  In  the  Unau  or  Two-toed  SInth  ( />r////vy.&!> 
(li(In(ft/ius)y  the  digits  which  are  fiiiu'tlonall y  dcveloptil  answer  t*- 
the  second,  11,  and  third,  iii,  in  Man;  the  fourth,  iv,  and  first,  i. 
are  re[»resented  l>y  styliform  beginnings  of  their  metacarj».«il-^ 
Tlic  carpal  ossicles  include  one,  s,  answering  to  the  separate 
scaphoid,  .v,  and  trapc/iuni,  /,  in  Man,  a  *  lunare,'  /,  ami  *  ciinei- 
forui,'  c,  a  *  trapezoidcb,'  d,  sup|)orting  tlic  metacarpal  of  the  secoud 
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digit;  a'ma^iiin,'  m,  Bupi)ortiiig  that  of  the  middle  digit,  and 
an  *  unciforme,'  m,  limited  to  the  rudiment  of  I  v. 

In  the  huge  extinct  congener  of  the  Slotlis  ( iMer/athrn'um),  the 
fourth,  IV,  as  well  as  the  third  and  second  digits  arc  develo])e(I, 
as  in  the  Brath/pus  tridacti/his,  for  the  support  of  claws.  There 
is  a  inetaearpjil  of  the  fifth  digit,  supporting  stunted  nidirnents  of 
the  first,  i,  and  seeoud,  2,  j>halangcs;  the  first  digit  is  still  repre- 
sented hy  a  like  rudiment  of  its  metacarpal,  i.  The  carpal 
ossicles  include,  as  in  Sloths,  a  *  scapho-trajjezium,*  5,  t,  with  a 
well-marked  *  pisiforme,' ;^  and  a  larger  *  unciforme,' w.  In  the 
IbjcRna  the  fifth  dijint,  v,  is  functionally  developed :  the  first,  I, 
retains  the  rudum  aial  state.  The  scaphoid  and  lunare,  /,  have 
here  coalesced:  the  trapezium,  is  distinct,  hut  very  small  :  the 
unciforme  supports,  as  usual,  the  metacar])als  of  the  fourth,  iv, 
and  fifth,  v,  digits.  In  the  Spider-Monkey  (  Afalesj^  the  meta- 
carpal representative  of  the  first  digit,  I,  is  longer:  the  scaphoid, 
5,  is  distinct,  and  the  *  intermedium,'  is  a  dismemberment 
Uiereof,  answering  to     fig.  1 73,  Vol.  I. 

In  the  Orang  tlu;  carpus  also  has  the  dismembered  sea- 
plioid,  *,  or  '  intcrnu'dlum,'  s\  The  inner  digit,  I,  is  short  and 
feel)le,  but  with  the  usual  mammalian  number  of  two  pha- 
langes. In  the  hand  of  Man,  this  digit,  which  is  the  last  to 
be  (•(Hiiplcted  in  that  class,  attiiins  its  highcisl  functional  deve- 
lop* nunt:  it  is  articulated  in  such  a  way  and  at  such  an  angle 
as  lo  Ih"  opposable  to  any  of  the  joints  of  any  of  the  other  <ligits. 
Of  tlu  se  the  third,  ill,  which  is  the  most  constant  lu  the  class^  is 
the  lontftst,  Tlie  cariius  eon- 
Fists  of  eight  hones  in  two 
rows;  the  first  ineluding  the 
undivided  '  ijca|»iiouh's,'  .v,  '  lu- 
nare,' /,  *  cuneiforme,'  c,  *  ]>isi- 
fonne,'/>;  the  second  including 
*  trapezium,*  A,  *  trapezoid e.s,' 
df  *  magnum,'  ///,  *  unciforme,' 

U.      Thctie    names,      Uggested  Vcltlewrth^ailainteoiiMtfK.BtUenaMgmettmM. 

bv  the  shapes  nnd  ] )t  np(»rtions 

of  the  (-:ir|ial  Ixxies  in  the  human  skeleton,  become  arbitrary  signs 
of  their  houudogues  i!i  lower  animals. 

The  appendage  ot  tiie  pelvic  areh  may  he  wholly  wanting,  as 
in  Sirrnift  and  most  Ct'tttcfln^  or  re])resented  by  a  two-jointe<l  ray, 
as  in  the  Right  Whale,  fig.  1!>2,  and  fig.  159,  f>5,  66  ;  articulated  to 
two  elrmcnts,  f,n  an«l  (A,  of  the  pelvic  arcb>  wliich^  as  in  i^^isheSj 
arc  loosely  suspended  in  the  iiesh. 

X  a 
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The  Buccchsive  gradational  steps  by  which  the  |>entadartyle 
condition  of  the  limb  or  appendage  is  attained  are  selected  froin 
the  aeries  of  hoofed  Mammals  in  fig.  193. 

The  pelvic  limb,  fig.  195,  shows  the  same  monmlactyle  pim- 
plicity  as  the  pectoral  one,  in  the  Horse.  The  ossicles  develope«i 
in  the  connective  substance  between  the  second  and  third  prin- 
cipal segments  of  the  long-jointed  ray,  are  the  *  astragal u?;,'  o, 
*  calcaneum,'  r/,  '  navlculare,'  .v,  *  mesocuneiforme,'  rm,  *  ootoounei- 
forme,'  ce,  *  cuboides,'  b.  The  metacarpal  supporting  the  three 
joints  or  *  phalanges'  of  the  digit  articulates  chiefly  with  the  ecto- 
cuneiform,  which  accords  in  size.  The  largely  develope<l  digit, 
or  continuation  of  the  main  limb-ray,  fig.  193,  answers  to  the  thini, 
III,  of  the  pentadactyle  foot.  At  its  base  are  rudiments  of  the 
metatarsals  of  the  second,  ii,  and  fourth,  iv,  digits.  In  the  Ox 
the  naviculare,  ib.  is  connate  with  the  *  cuboides,'  h  :  and,  as  this 
supports  one-half  of  the  single  metatarsal,  such  half  is  held  to  be 
the  developed  homologue  of  the  rudimental  fourth  metatarsal 
in  the  Horse :  whilst  the  half  supported  by  the  ^  ect<xninei forme,' 
re,  in  the  Ox,  is  held  to  answer  to  the  metatarsal  of  the  developed 
digit.  III,  in  the  Horse. 


Embryology  here  lends  partial  proof  to  this  view  :  the  so-called 
*  cannon-bone '  being  developed  from  a  single  centre  and  epi- 
physes in  the  Horse,  and  from  a  pair  of  shafts  or  centres  an«l 
epiphyses  in  the  Ox  :  it  accordingly  sup|)orts  a  pair  of  t<K*s, 
which  answer  to  the  third,  iii,  and  fourth,  iv,  in  the  penta- 
dactyle foot.  The  Camel  and  Giraffe  have  not  rudiments  of 
axxy  other  toes :  in  the  Ox  such  rudiments  of  the  distal  parts  of 
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the  second,  ii,  and  fifth,  V,  digits  are  appended  to  the  coalesced 
metatarsals  of  the  functional  pair  of  toes,  in  and  iv. 

In  the  niiocene  fos-iil  Morse  { Ilipparion^fig.  194)  a  similar  pair 
of  *  sjmrious  '  hoofs,  ii,  iv,  dangleil  behind  the  main  toe,  Hi,  coni- 
])leting  the  din^its,  it  and  iv,  indicated  by  the  *  splint-bones  '  or 
proximal  parts  of  the  metatarsals  in  the  modem  Horse,  tig.  193, 
11,  IV,  but  stunted  in  growth.     In  the  eocene  Palceotherium 
these  digits  were  nearly  equal  in  size  to  the  middle  one.  The 
Rhinoceros  at  the  present  day  preserves  these  proportions  of  the 
toea,  II,  III,  IV,  but  with  shorter  and  more  massive  proportions  of 
the  whole  foot.    Accordingly,  iii  fig.  193,  it  will  be  seen  that  the 
*  mesocuneiforme,*  cm,  and  *  cuboides,'  b,  have  a  larger  propor- 
tional size  than  in  the  Horse;  but  the  -tincture  of  the  tarsus  la 
essentially  the  same:  the  cuboid,  ^,  articulates  directly  witli  the 
calcaueum,  t7:  the  naA*iculare,      intervenes  between 
the  two  cuneifonn  1)  >iu  »  and  the  astragalus,  a.     I  he 
affinity  of  these  '  penssodactyles  *  is  obvious,  and  the 
cK)scr  links  of  affiliation  are  supplied  by  the  extinct 
forms  above  cited.    In  like  manner  wq  find  the  affinity 
of  the  Ox  and  Hippupotiunus  illustrated  in  the  struc- 
ture of  the  hind-foot,  the  Hog  holding  a  similar  inter- 
mediate step  in  the  (lcvclo|)cment  of  the  toes,  iv  and 
V.    In  the  tarsus  the  cul)oid, and  naviculare,  s,  show 
the  same  near  eijuality  of  f»ize,  but  they  are  distinct 
bones  in  the  Hippopotamus  as  iu  all  Artiodact ylcs 
except  the  restrictcil  or  horned  Ruminants:  a  mcsocu- 
neiforme,  cm,  now  suj>ports  the  metatarsal  of  the  too, 
II,  that  of  the  fifth,  v,  articulates  with  the  cuIm  i  !. 
In  the  EK^phant  the  innermost  digit,  r,  is  jtresent— the 
last  to  apj>ear  in  the  ungulate  as  in  the  uuguiculate 
series',  and  the  tarsal  grouj)  shows  the  completeness 
whicii  it  manifests  in  JSIan.    The  luinian  anatomist  will 
rcct»gnise  the  astragalus,  a,  calcancum,  r/,  naviculare,  Sy  extended 
transversely  and  presenting  articular  facets  to  thf  three  '  cunei- 
fonn *  bones,  *  internal,'  ♦middle,'  and  *  external,' which  fur  con- 
venience of  definition  I  have  called  '  cntocuneifonn,'  ci,  *  meso* 
euneifonn,'  rw,  *  ectocuncifornu'  n-  ;  the  'cuboides,'  A,  supports  as 
nsual  the  metatarsals  of  tlic  fourth  and  fifth  top-.     The  toe,  i.  h:is 
a  short  metatarsal  and  some  bonv  representative  of  a  phalanx 
itnbedded  in  the  innermost  jtart  of  the  hoof:  the  other  toes  have 
the  uoruial  complement  of  phalanges,  which,  in  Mammalia,  do 
not  exceed  (•*ave  in  Cettu-ea)  three  in  number,  nor  two  in  the 
inoermatii  digit,  i»  iu  both  pectoral  and  pelvic  limba. 


foot  of  exilOd 
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The  '  serial  homology  *  of  the  parts  of  the  respectiYe  arches  of 
these  lunhs  is  illustrated  in  YoL  I.  p.  188.  In  the  limbs  them- 
selves,  or  appendages  of  the  arches,  the  femur,  fig.  195,  a,  answer* 
to,  or  is  the  homotype  of,  the  hiimerus,  fig.  190,  a ;  the  tibia,  fig. 
195,  u,  is  the  homotype  of  the  radius,  fig.  190,  o ;  the  fibula,  fi^. 
195,  I,  2,  of  the  ulna,  u :  the  tarsus  repeats  the  carpus,  tiic 
metatarsus  the  metacarpus,  and  the  three  phalanges,  as  respec- 
tively named  '  proximal,'  *  middle,'  and  '  distal  '  or  '  ungual.'  In 
the  tarsus  it  will  be  seen  that  the  cuboid,  in  the  *  Elephant,'  iig. 
193,  hy  supports  the  two  outer  metatansals,  as  docs  the  uncifonne 
the  two  outer  nieUicurpals,  in  the  OrmLT  and  Man,  fig.  191,  k: 

the  ectocuneiionii  in  the  tardus,  ce, anil 
the  *  magnum  '  in  the  carpus,  m,  re- 
Bpectively  sui)port  the  uiiddlc  digit, ui: 
the    mesocuneiforme,  me,  holds  the 
same    'serial*  relation  to  the  trape- 
zoidcs,  fL  and  the  '  entoeuneit'orm.' 
to  the  '  trapezium,'  t    The  bone  ut'tl.c 
carpus,  fig.  191,  ^,  in  Man  articulate 
with  the  three  innermost  carpalsi  oi  tk 
Fecond  row  ;  and,  in  the  Orang,  but 
in  a  (livi  ii'il  state,  jt  and  .s',  leavM  a 
lari:(  r  share  ot'  the  wrist-joint  with  tk 
ra-lius  to  die  hone  /,  and  in  the  ?nrae 
degree  tends  to  repeat  in  the  earpn? 
the  position  and  connections  of  the  bow 
>  111  the  t<irsus :  so  I  infer  that  the 
car])al  scajihoid  and  tarsal  naviculan; 
are  homotypcs:  the  carpal  lunare, 
191,  /,  answers  to  the  ta^rsal  astragalus, 
and  the  carpal  cuneiforme  and  pi^i- 
formc  to  the  tarsal  caleaneum,  in  whicb 
bone  the  lever-process  fonmng  tlii 
'  heel '  more  immediately  repeats  the 
pisiforme,  which  also  in  many  qiisdnh 
peds,  fig.  1 91 , II  ya3na>  makes  a*lieel- 
like  '  ])rojection  in  the  carpus. 

§  178,  Special  I [(mwlogies, — As  that 
which  is  engendered  by  a  Mammal  i« 
mammalian  from  its  beginning, 
step  of  its  building  up  has  the  fioi^ 
ing  of  the  Mammal  for  its  end,  »^ 
shows  it  the  more  as  it  nears  the  goal.    The  deYelopementa]pll^ 
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noroena  of  the  head  ueither  supersede  nor  can  supply  the  better 
evidences  of  homolopfv  afforded  l)y  relative  j)ositioii  and  connec- 
tions any  more  than  do  tliose  of  the  foot.  The  cannon-bone  of 
the  ox  is  deveUipcd  from  three  terniinai  and  two  middle  centres 
of  ossification  J  but  euiljryolugy  docs  not  show  which  of  these 
fci«^nify  bones  distinct  in  other  Muiuuial.^  ;  it  ii?  neither  here  nor 
elsewhere  the  enterion  of  homolofjy.  In  the  ioregoing  account 
of  the  Mamni  ili  in  modifications  of  the  Vertebrate  skeleton,  the 
general  and  !«cn;il  liouKtlogies  are  given,  as  determined  in  my 
work  on  the  Vertebrate  Arclictyjic.  But  as  a  few  of  the  special 
homologies  of  cranial  Immics  ar(^  still  unaccepted  by  fellow-labourers 
in  this  field  oi"  anat<»niy,  1  otlcr  tlie  i'olh»winij  remarks  in  excuse 
for  the  retention  of  my  opinions  on  such  moot-puints. 

To  rightly  determine  the  cranial  bones  in  Mammals,  as  in 
Birds,  wc  must  pass  to  their  investigation  from  the  previonslv 
detertnlTied  hfvnc?  in  tlie  skull  of  an  inferior  Vertebrate.  Thus, 
plaeinH  the  skull  of  a  young  Ostrich  or  Apteryx,  showing  the 
.>-ntures.  by  the  side  of  that  of  the  low,  bird-like  Monotreme 
(/.V-A  / / ^i;_^  197),  we  find  that  the  transversely  extended,  hk dially 
notched  occipital  condyle,  in  ti»c  Bird,  fig.  27,  has  beeoiue  bisected 
or  di\  ided  into  two  in  the  Mammal,  fig.  202  ;  each  moiety  being 
developed  wholly  (Echnlna)  or  in  ^neat  part  (some  Ce(ncea)  from 
the  exoccipital,  2.  The  basio<'cipital  cither  wants,  or  developes 
only  the  lower  end  oi'.  the  di\i>ions  cd'  the  occipital  condyle.  The 
exoccipital,  in  most  Mammals,  sends  off  a  *  jiaroeeipital '  process, 4,  as 
in  Birds,  The  basi-,  cx-(2),  and  supcr-(3  joccipltals  coalesce  into  one 
bone.  I  mi  I  rarely  are  fused,  as  in  Birds,  with  the  sense-capsule  and 
sc«^ment  in  advance.  The  basisphenoui,  tig.  202,  5,  ditiers  iroui  that 
of  the  Bird, figs.  27,  .'^2,  in  not  being  coossified  with  the  prcsi)henoid, 
9:  laterally  it  conlribulcs  to  form  part  of  the  otoerane  and  tym- 
y>anum,in  advance  of  which  it  articulates  with  the  alisphenoid,  figs. 

197,  6.    In  the  Echidna  a  bone,  fig.  197,  9,  coossified  with  or 
anchylosed  to  the  outside  of  the  petrosal,  exj)and8  beyond  it  to  arti- 
culate with  the  cx-(*i)  and  super-f .Aoccipitals,  with  the  )»arietals,  7, 
and  the  alisphenoids,  6.   This  bone,  in  many  other  M annuals,  dc^  <»- 
lope?«  a*  mastoid'  prore^f,  as  in  Binls:  it  is  developed,  as  in  them, 
iti  and  from  the  lateral  cranio-carf  ih^'/c  envelopinii;  the  otic  ca|)snle: 
it  is  plainly  thehomologue  of  s  iu  the  Bird,  li;r.  \        Bet  ween  s  and 
6  in  Echidnn  there  is  a  vacuity  in  the  bony  i^kull.   The  parietal,  7, 
is  relatively  larger,  the  frontal,  II,  is  smaller,  than  in  the  Bird. 
The  nasal,  is,  is  simjdy  ehmc^ate,  in  EcIi  'kIiki  as  in  Hhea  :  it  docs 
x\\>i  bifurcate  anteriorly  by  sending  down  a  maxillary  prong  or  pro- 
ceM  M  m  the  Oatrichy  fig.  196, 15«  and  most  Birds :  but  it  is  longer 
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«nd  ttrtaoulatadx  or  is  united,  throo^^umt  its  length,  irilik  its  feUow 
in  the  ManunaL  The  premaadllaiy,  at,  is  oorrelatiTely  ahotter  in 
the  Mammal,  not  medially  oonflnent  nor  sending  off  a  nasal  procesi 
from  Ihe  symphysis,  as  in  the  Bird.  The  nuudllary,  si,  is  larger, 
and  the  nasal  process,  of  which  the  hegimiiiig  is  ahown  in 
iSfrvMib,  is  a  hroad  and  high  plate  in  EcMm  and  moat  other 
Mammals.    The  hind  part  of  the  maxillary  unitea  with  a  malar, 


196 
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fig.  197,  26,  stylifomi  in  Echidna  And  some  Bruta,BS  it  is  in  Birds, 
fig.  196,  26.  The  bone,  27,  articulates  with  26,  but  expands  in 
Echidna,  as  in  Chelonians,  as  it  extends  backward,  aud  applies 

197 


itself,  in  most  Mammals,  to  close  the  gap  in  the  side-wall  of  the 
cranium  left  between  s  and  6,  before  articulating  with  the  tym- 
panic, 28:  it  also  developes  the  articular  surface  for  the  mandible, 
29-32.  This  is  one  of  the  marked  modifications  of  the  squa- 
mosal in  the  Mannnalian  class.  The  retroduced  part  or  append- 
age of  the  upper  jaw  agaiu  afibrds  the  joint  to  the  lower  jaw,  as  in 
the  Plagiostomous  Fishes :  but  the  common  pedicle,  as,  is  reduced 
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in  the  Mammal  mainly  to  the  support  of  the  ear-drum,  the  accessory 
function  with  which  it  ifl  charged  wholly  or  in  part  in  all  air- 
breathing  Vertebrates. 

Remove  27  and  28  from  the  cranium  of  the  Bird  and  Monotreme, 
as  in  figs.  196  and  197,  and  the  homology  of  the  remaining  cranial 
bones,  especially  of  2,  3,  8,  6,  is  unmistakalile.  The  mastoid,  8, 
in  both  Bird  and  Monotreme,  is  developed  from  cartilage  ;  arti- 
culates posteriorly  with  2,  3,  superiorly  with  7,  anteriorly  with  6 ; 
coossifies  internally  with  the  petrosal,  and  gives  attachment 
inferiorly  to  the  bone,  28,  which  supports  wholly  or  in  part  the 
*  membrana  tympani.'  The  squamosal,  27,  is  a  backward  prolon- 
gation of  the  bar,  2r,  attaching  the  upper  jaw  to  the  tympanic;  it 
is  developed  in  the  cnil)ryonal  scaffolding  external  to  the  proper 
cranial  cartilage;  it  articulates  posteriorly  with  the  tympanic, 
28.  It  forms  no  part  of  the  outer  wall  of  the  cranium  in  Birds, 
and  is  equally  excluded  from  that  cavity  in  Cetacea,  iig.  198,  in 
most  Ruminants,  fig.  140, 
and  in  many  Rodents :  the 
supplementary  function 
of  completing  such  cra- 
nial wall  is  peculiarly 
mammalian,  and  (Iocs  not 
supersede  the  share  taken 

in  such  lateral  wall   by  ^     ,    ^  ^ 

8  and  6,  m  all  Verte- 
brates. Moreover,  27  constitutes  the  hinder  and  major  part  of 
the  zygomatic  arch  in  both  Birds  nnd  Mammals,  as  in  most  Re[>- 
tiles ;  with  such  homologically  unimportant  modifications  of  shape 
ai  are  exemplified  in  the  Turtle  and  Crocodile  (Vol.  I.  figs.  91 
and  95,  S7),  and  in  the  figures  26,  UO,  196, 197, 27,  of  the  present 
Volume. 

The  bony  pedicle  which  suspends  the  mandible  to  the  side- 
processes  of  the  cranium,  is  that  which  is  marked  28  in  the  Fish 
(Vol.  I.  figs.  81 , 84),  the  Serpent  (figs.  96, 97),  the  Tortoise(fig8. 91 
and  92),  and  the  Crocodile  (figs.  93, 95).  Aa  thoae  aide-processes 
are  homotypes  of  the  transverse  processes  (par-  di-apophyses)  of  the 
tnink-vertcbrfc,  so  28  bears  the  same  serial  relation  to  the  '  pleura- 
pophyaes,'  the  mandibular  rami  completing  *  hsemapophysially  '  the 
inferior  or  hiemal  arch  of  the  cranial  segment.  This  vertebral 
character  is  shown  in  the  developement  of  the  Vertebrate  skull : 
the  simi)le  rib-like  cartilage  formed  in  the  second  (counting  back- 
ward) of  the  embryonal,  *  visceral,'  or  haemal  aitshes,  manifesta 
always  its  upper  or '  pleurapophysial '  and  its  lower  or '  htemapo- 
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ph)  sial '  portions :  and  these  are  more  equal  in  length  in  Birds  moA 
UaBinatocrja  than  in  Mammak ;  for  the  embryo  of  a  highly  modi- 
fied and  advanced  dass  early  shows  the  characters  of  its  clas£(« 
which  become  deceptive  when  exclusively  used  as  a  li^lit  i<» 
general  vertebral  homologies.   The  true  guide  to  the  homok|;T 
of  S8  is  its  articular  connections  to  one  or  more  cramal  diapn- 
physes:  in  Fishes  and  Crocodiles^  e.g.,  to  the  postp-fronlAl  aad 
mastoid,  in  Lizards  and  Snakes  to  the  mastoid,  in  Birds  to  thr 
mastoid  and  paroccipital,  in  Mammals  to  the  mastoid.    The  c«ai- 
nection  with  the  squamosal  is  later  and  supplementary  in  the 
Vertebrate  series. 

The  tympanic  pedicle  undergoes  various  and  extreme  mo&^ 
cations  in  relation  to  the  functions,  as  various,  allotted  to  the 
second  hflsmal  arch  (countiug  backward)  in  the  head.    In  Fiishes. 
muchofthe  mechanical  partof  the  respiratory  functions  jterfoniieJ 
by  the '  tympano-mandibular '  arch :  hence  the  length,  subdiviAos, 
and  resultant  elasticity  of  the  suspensory  piers  or  [>edioles.  Is 
air*breathing  Hamatoeiya  the  branchial  duty  ceases;  but  a  ^|k><4iI 
organ  of  sense,  claiming  more  direct  relation  with  the  air,  pres?^ 
the  tympanic  pedicle  into  a  service  unknown  to  it  in  the  nater- 
lireathcrs.    In  Cheloniu,  iig.  91  (Vol.  I.),  the  tympanic,  «s,  L* 
developed  to  form  a  frame  for  the  ear-drum,  and  it  contrilmu^ 
more  or  less  of  tluit  iVame  in  Crocodiles,  Lizards,  and  Rircit; :  ii 
has  least  concoiii  %\itli  the  tyinpumiin  in  Serpents;  and,  as  tht^ 
arc  exclusively  air-ln-eathers,  28  is  restrieted  to  its  function  nf 
suspending  the  muiulible,  and  retains  most  of  its  simple  rib-like 
form  as  it  descends  from  the  lengthened  diaju)ph\ ;?is,  f».  fi<j. 
(Vol.  I.)  to  the  dentigerous  haimapuphysis,  ai.    The  prt^xiinal  arti- 
cular end  of  the  tympanic  may  have  a  double  condyle,  ai>  in  ^,mi 
Fishes  and  lllrds,  a  simple  condyle,  as  in  Lizards  and  Scq»€nt*,ora 
sutural  maririn  for  fixed  juactiuii,  as  in  Cheloniay  fig.  91, 
Cro(  (f(///i(f,  i\<j;.  UJ,  28.  Such  is  its  mode  of  ai  ticulation  in  all  ^fuiK 
mals,  in  \vhi<  li  class  it  manifests  its  extreme  simplicity  of  funi^inn 
and  reduction  ol"  size.    To  the  ear-drum,  vrhieb  it  su-tnii)'..  i< 
articulated,  in  Binls,  a  eoluineUiform  *  sta]>es,*  by  the  interuKdium 
ol  a  rartilau^c  ;  and  in  MoiuUreuu'-  and  iMarsupials,  fig.  197,  //.  by 
the  internunlium  of  a  bonc,  c.     This  ossicle  in  liii^her  MainniaU  i> 
di\ided  into  '  incus'  and  'malleus,'  winch,  lik*'  the  eoUanelli^I«nii 
*sta]ies'  in  Biixls  and  Reptiles,  is  developetl,  as  in  H;r,  4-14.  u,  r 
(\'id.  1.),  in  connertion  witli,  but  not  like  the  tyinpanir  («/>  and 
mandible  in  and  from,  the  peri|ihery  of  the  primary  *  viM  ,  ru]* 
or  luemal  cart ihigi nous  aich,  called,  from      disco vcrer^  *  Meckel « 
cartilage.* 
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Having  premised  so  miicli  in  rcferciu'c  to  the  Mammallai 
skeleton  generally  or  typically,  its  main  moditications  as  exca- 
plified  in  the  several  orders  of  the  class,  will  next  be  noticed. 

§  179. — Skeleton  of  Monotremata.  —  A.  Vertebral  Colum/t.^Tk 
])rincipal  osteological  characters  of  this  order  are:  —  The  t'XteiiBBi 
of  the  *  coracoid,'  fig.  199,  52,  o,  as  in  Birds  and  Lizards,  (rom 
scapula,  51,  to  the  sternum,  5,  and  anchylosing  at  full  growth  with 
the  scapula,  as  at  G,  fig.  199 ;  the  epicoracoid,  ib.  w,  as  in  Liz^nis: 
the  marsupial  bones,  ib.  j-,  x;  the  supplementary  tarsal  bote, 
ib.  dj  supporting  the  perforated  spur,  in  the  male;  the  kji^ 
persistence  of  distinct  pleurapophyses, in  the  \  ert«jhra  dentati 
Both  tlie  genera  have  twetity-six  *  true  vertebra\'  of  whii 

seven  are  cervical ;  but  the  Ornithorhynch* 
lijis  seventeen  and  the  Echidna  sixteen  di*- 
sals,  the  lumbar  vertebne  being  three  in  tin? 
latter,  and  reduced  to  the  lacertiau  uuiubcr 
two  in  the  Ornithorhynchus. 

The  intervertebral  substance  h»  deii^e 
filirous  at  its  ]>eriphery,  fig.  200,  n,  hut  iht 
fiuid  central  part,  />,   fills  a   more  definiu 
cavity  ia  the  Echidna  than  in  higher 
mals.' 

LonbarTOTiotiiii.  later-        Ja  the  d<nrsal  vertebne  the  ner^'es  perton^* 

the  neorapophyses ;  but  eaci^,  as  usmi-  i 
their  interrals  in  the  eervical  and  lumbar  regions.    The  (i'T- 
lumbar  neural  spines  are  short  and  subequal,  iig.  201. 
ribs  of  the  first  six  dorsals  have  ossified  sternal  portions  vrhic^ 
articulate  with  the  sternum;  in  the  succeeding  vertebne  to  the 
fifteenth  the  sternal  portions  are  cartilaginous,  expanded, 
overlap  each  other,  fig.  199 ;  the  last  two  pairs  of  ribs  termi- 
nate freely.    Most  of  the  vertebral  ribs  articulate  over  tbe  'w 
terspacc  of  their  own  and  the  antecedent  centrum ;  a  sw*^ 
tubercle  defines  the  neck  of  the  rib,  save  in  the  last  four;  ^'j^ 
save  in  the  first  and  second,  does  not  articulate  with  the  | 
pophysis.     The  first  dorsal  pleurapophjsis  is  broad,  the  othei"-* 
are  cylindrical  and  slender;  cartilage  is  interposed  between  i 
bony  pleur-  and  hacm-apophyses  of  the  anterior  dorsal  vertebr^*  ^ 
as  in  the  Crocodile.     The  stcrniini  consists  of  four  bones  i" 
OrnitkorhynchuM,  «ad  of  five  in  Echidna.    The  first,  fig.  199.*' 
is  an  unusually  expanded  'manubriuniy*  receives  the  h:vma)K»- 
physes  of  the  first  and  second  ribs,  and  supports  a  large  T-«bsiX^ 

*  ixxtX'.  p.  37S. 
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epiflternum,  ib.  /•  The  saonim  consbts  of  two  yertebns  in 
OrnitharhynehuMf  and  of  tliree  in  Echidna. 

There  are  thirteen  caudal  vertebm  in  the  Echidna,  fig.  201. 
The  first  is  the  largest,  with  broad  transverse  processes,  the  rest 
progressively  diminishing,  and  reduced,  in  the  six  last,  to  the 


201 
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central  element    The  Omithorhynchus,  fig.  199,  has  twenty^me 
caudal  vertebne,  of  which  all  but  the  last  two  have  transverse 
processes,  and  the  first  eleven  hare  ako  spinous  and  articular 
processes.    The  pleurapophjrsial  parts  of  the  transverse  processes 
are  distinguishable  in  hialf-grown  animals.     The  transverse  pro- 
cesses are  broad  and  depressed ;  they  gradually  increase  in  length 
to  the  tenth  caudal,  then  as  gradually  diminish  to  the  twentieth ; 
their  extremitieB  are  expanded,  and,  firom  the  fifth  backward,  are 
thickened  and  tuberculate.    The  spinous  processes  progressively 
diminish  in  height  from  the  first  caudaL    Hypapophyses  are 
developed  from  the  bodies  of  the  third  to  the  nineteenth  caudal 
vertebra  inclusive ;  but  there  are  no  hnmapophyses  articulated  to 
the  vertebial  interspaces,  as  in  many  Marsupials.  In  the  Echidna 
h jpapophyses  are  absent ;  but  rudiments  of  hunapc^hyses  are 
connected  with  the  interspaces  of  one  or  two  of  the  middle  ver- 
tebm  of  the  tail.    The  caudal  vertebne  in  the  Ondthorhynchus 
are  of  nearly  the  same  length  to  the  two  last ;  they  progrossively 
dimmish  in  vertical  diameter  as  they  recede  from  the  trunk,  and 
are  chiefly  remarkable  for  their  broadth  and  flatness;  resembling 
in  this  respect  the  caudal  verkebns  of  the  Beaver  and  of  the 
Celacea ;  the  horisontaily  extended  tail  having  a  similar  relation 


Digitized  by  Gopgle 


318 


ANAT01C7  OF  VEBTBBRATB8. 


SOS 


to  the  frequent  need  which  an  aquatic  animal  with  hot  Mood  mi 
a  quick  respiration  of  air  has  to  ascend  rapidly  to  the  ntifaee  d 
the  water. 

The  cervical  vertebrsB,  fig.  186^  have  short  and  brottd  1 1  iiliii 
confluent  with  neurapophjses;  the  former  developing  a  par- the 
latter  a  di-apophysis :  the  pleurapophysis,  /)/,  is  short  and  broad,  aai 
circumscribes  the  '  vertebrarterial  *  canal  bjj  unction  with  both  the 
transverse  processes :  which  joints  in  the  last  five  cervicala  an 
obliterated  earlier  in  Omithorhynchut  than  in  Eehidiuu  In  the 
latter  not  any  of  the  cervicala  have  zyga}K>physeB  save  the  athib 
The  true  centrum  of  this  vertebra  8up()ort8  a  great  part  of  its  nennl 
arch,  and  long  continues  distinct  from  that  of  the  axis :  it  has  a  losf 
'  odontoid '  process.  The  lower  part  of  the  ring  of  the  athui 
off  in  Omithorhynchus  a  pair  of  long  divergent  hypapophy 

B.  SkulL — The  skull  in  both  genera  of  Monotremata  ia  lo^g 
and  low,  but  characterised  by  a  relatively  larger  craniom  in  pi»> 
portion  to  the  face  than  in  most  Marsupials.  The  parietes  d 
the  expanded  cerebral  cavity  are  rounded,  and  their  outer  soiftcc 

is  smooth.  These  characten 
are  most  oonspicuoua  in  the 
Echidna,  in  which  the  jaws  are 
slender,  elongated,  and  gradu- 
ally diminish  forward  to  an  ob- 
tuse point,  so  that  the  whak 
skull  resembles  the  half  of  » 
pear  split  lengthwise.  The  i'su-isl 
angle  of  the  Echidna  is  36%  that 
of  the  Ornithorhynchua  20% 
being  almost  the  lowest  in  thr 
niammifcrous  class.  The  rra- 
iiial  l)()ncs  and  their  constituent 
j>ieccs  continue  longer  distinct 
in  the  Kt  hidna  tlian  in  the  Or- 
nltlituli ynchus,  in  wliicli  ther 
ultimately  eoalesce  to  a  dejgr^e 
resemblintr  tliat  in  Birds. 

Jn  tlie  Kchnlna  tiie  baj^iiKX^i- 
pital,  fi<x.  202,  i,  if*  flat  and 
hexagonal,  w  itli  the  hind-bonlfr 
notelied  to  complete  bcbm-  tiie 
l:ir«^e  verlieal  '  forajiien  maff- 
niiiu,'  and  eontrilmtinrr  to  xh^ 
lower  part  of  each  condyle,  2,  s  :  these  are  large  and  formed  cluctly 
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by  the  exocci|)ituls,fig.  203, 2,2,  which  are  separated  above  the  fora- 
men magnum  by  a  notch,  ch)setl  by  membrane,  in  the  recent  state. 
The  superoccipital,  ib.  3,  is  a  transversely  oblong  quadrilateral 
plate,  articulated  by  '  harmonia,'  not  only  with  the  exoccipitals, 
but  with  the  large  mastoids,  8,  and  anteriorly  with  the  parictsils, 
fig.  197,  7.     The  basisphenoid,  fig.  202,  5,  supports  laterally  a 
]>air  of  alisphcnoids,  fig.  197,  6,  which  are  notched  posteriorly  by 
the  trigeminal  nerves,  and  expand  as  they  rise  to  articulate  with 
the  parietals,  7,  the  mastoid,  8,  and  anteriorly  with  the  orbito- 
sphenoid  and  frontal,  11.    The  mastoid,  8,  is  chiefly  conspicuous  by 
its  great  size,  in  the  Echidna,  and  the  share  which  it  takes,  con- 
jt)intly  with  the  petrosal,  in  the  formation  of  the  lateral,  lower  and 
jK)stcrior  parts  of  the  cranial  cavity :    in  this  character  it  retains 
much  of  its  ornithic  condition,  fig.  196,  8.     The  small  vacuity, 
left  in  the  Monotreme,  between  the  mastoid  and  alisphonoid,  is 
closetl  by  the  application  thereto  of  the  jwsteriorly  expanded  squa- 
mosal, fig.  197,  27.  The  pre- 
si)henoid,  fig.  202,  9,  is  con- 
nate with  orbito8phenoids,fig. 
197,  10,  pierced  by  the  small 
optic  nerves:  the  frontals,  11, 
expand  as  they  rise,  but  with- 
out developing  superorbital 
ridges,  and  meet  at  a  toothless 
suture  along  the  middle  of  the 
narrow  forehead.    The  vomer 
and    prefrontals  are  chiefly 
remarkable  for  their  connection  with  enormous  and  obscurin"  tur- 
binals,  sup|)orting  an  olfactory  organ  of  vast  extent.    The  anterior 
part  of  the  frontals  is  largely  overlaj>ped  by  the  bases  of  the  nasal 
bones,  which  encroach  upon  the  interorbital  space.    These,  fig. 
197,  15,  receive  the  upper  edge  of  the  maxillary  into  a  gn>ove  at 
their  outer  margin,  and  articulate  anteriorly  with  the  premaxil- 
laries,  ib.  22,  which  meet  above  the  nasal  canal  in  front  of  the  nasal 
lM)ne8  for  an  extent  of  about  three  lines,  and  thus  exclusively 
form  the  bj>undary  of  the  single,  oval,  and  terminal  external 
nostril.      The   lower  or   palatal  process  of  the  premaxillary 
extends  backward  in  the  form  of  a  long  and  slender  pointe<l 
pnwcws  which  is  wedged  into  a  fissure  of  the  maxillary.  The 
incisive  fissure  is  narrow  and  extends  from  the  premaxillary 
symphysis  some  way  between  the  palatine  plates  of  the  maxil- 
laries.    The  palatines,  fig.  202,  ?o,  arc  long  and  entire  where 
they  form  the  hinder  half  of  the  roof  of  the  mouth,  diverging 
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po6teri<Hrly  to  form  the  narrow  median  nasal  opening.  The 
roof  is  oontumed  by  the  pterygoids,  ib.  u  and  u\  which  aiticu- 
late*  as  in  many  Birds,  with  the  tympanic,  e,  28,  and  the 
sphenoid,  5.  Another  mark  of  ornithic  affinity  is  the  condueMe 
of  the  nudar  and  aqnamosal,  fig.  1979  V :  vnlesa  the  Blender  pn> 
ceM  of  the  maxillary,  ib.  se,  may  repreaent  the  malar.  The 
tympanic  cavity  is  excavated  in  the  petromastoid  and  partly 
closed  by  the  slender  tympanic,  fig.  202,  e,  which  sends  fw> 
ward  a  short  homologue  of  the  orbital  proceas  of  that  of  the 
bird:  about  three-fourths  of  the  ear-drum  are  attached  to  tiie 
tympanic,  and  one-fourth  to  the  mastoid :  the  plane  of  the  dim 
is  nearly  horisontal  and  looks  downward.  The  *  stapes*  k  eoh- 
mellifonn,  fig.  197,  d:  one  cms  of  the  incus  anohyloBes  widi  tb 
reduced  tympanic  at  o ;  the  other  is  confluent  with  tlie  iittllBai»& 
The  lower  jaw  consiBts  in  the  Echidna,  fig.  197,  st-n,of  tm 
long  and  slender  atyliform  rami  without  a  aymphysial  joint)  k 
loosely  connected  together  at  their  anterior  extremitici.  ii 
angular  proceas,  80,  divides  the  horizontal  hem  the  aaceafiif 
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ramus,  which  rises  at  an  open  angle  and  terminates  insBBiH 
oblonf]r  convex  condyle,  29.  A  short  obtuse  coronoid  proces?, 
extends  from  the  upper  part  of  the  horizontal  ramus  as  far  ir 
advance  of  the  angle  as  the  condyle  is  behind  it.  The  rest 
the  ramus  is  rounded  like  a  rib,  and  diminishes  to  the  anteri ' 
extremity.  The  dental  canal  commences  below  the  coronoid  pro- 
cess and  divides  in  its  progress,  one  branch  terminatixig  near  ik 
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middle  of  the  smooth  alveolar  border,  the  other  close  to  the  end 

the  ramus.  In  no  mammiferous  annnal  does  the  lower  jaw 
bear  so  small  a  proportion  to  the  fikull  or  to  the  rest  of  the 
skeleton  as  in  the  Echidna. 

In  the  Ornithorhynchiis  the  lower  jaw,  fig.  204,  E,  is  much 
more  develoj>ed.  Each  ramus  commences  j)osteriorly  by  a  large 
convex  condyle.  The  ascending  ramus  is  nearly  horizontal, 
flattened  below,  and  continued  upward  in  the  form  of  a  low 
vertical  compressed  plate,  on  each  side  of  which  there  is  a  deep 
fossa.  The  ascending  is  continued  by  a  gentle  curve  into  the 
horizontal  ramus,  and  the  angle  of  the  jaw  is  very  feebly  in- 
dicated. The  horizontal  ramus  suddenly  exf)ands  and  sends  oif 
above  in  the  same  transverse  line  two  short  obtuse  processes,  both 
of  which  might  be  tcnned  *  coronoid  ; '  this  structure  is  j)eculiar 
to  the  Omithorhynchus.  The  innermost  j)rocess,  r,  although 
the  largest,  is  the  superadded  structure,  as  it  affords  insertion  to 
the  internal  pterygoid.  The  socket,  d,  e,  for  the  horny  grinder, 
is  shallow ;  its  floor  is  perforated  by  several  large  foramina.  The 
dental  canal  divides  ;  one  branch  opens  by  a  wide  elliptical  fora- 
men on  the  outside  of  the  ramus  immediately  anterior  to  the 
alveolus,  the  other  terminates  at  the  lower  part  of  the  end  of  the 
ramus.  The  rami  of  the  jaw  converge  and  are  united  at  a  sym- 
physis of  more  than  half  an  inch  in  length  ;  there  they  becimie 
expanded  and  flattened,  then  again  disunite,  and  are  continued 
forward  as  two  spatulate  processes,  b,  which  diverge  from  each 
other  to  their  broad  rounded  terminations,  20ft 
and  are  situated  just  behind  the  inflected 
extremities  of  the  similarly  separated  pre- 
maxiUaries,  ib.  a,  and  fig.  206,  ss.  On  the 
outer  sides  of  the  upper  surface  of  the 
broad  symphysis  are  the  long  and  narrow 
sockets  of  the  t^vo  anterior  trenchant  homy 
teeth.  The  Monotremea  difl!er  from  the 
Maraupials  in  the  absence  of  the  inflected 
process  deyeloped  from  the  augle  of  the 
lower  jaw. 

The  exoccipitals,  fig.  205,  s,  6,  and 
Buperoccipital,  ib.  8,  are  separate  in  the 
skull  of  the  young  Omithorhynchus  here 
figured  of  the  nataral  tiae.    The  mastoid,        ,      ^..^  ^  ^ 
lb.  «f,  <»,  contnbutcs  to  part  oi  the  occi-  n«i.*ixo. 
pital  surface*  and  adYaaoee  anteriorly  to  the  small  cranial  expan* 
■km  of  the  aquamoaal  at  /.    This  expamion  does  not  exceed 
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in  size  the  glenoid  process,  wbich  it  meets  at  a  i^ht  angle,  tnd 
from  the  union  of  which  the  zygomatic  process  is  contb^for. 
ward  to  join  the  malar  process  of  the  nuudllaiy :  there  is  110&- 
tinct  malar  bone.  The  parietal,  ib.  7,  is  long  and  large,  undmded 
by  a  sagittal  suture,  from  the  place  of  which  a  bony  fah  ii 
developed  internally,  fig.  204,  B.  The  frontab  are  smaD,  indin 
fig.  205,  A,  h,  retain  the  frontal  suture.  The  nasals,  ib.  n, »,  are 
long  and  larf^e  :  they  contribute  to  the  rim  of  the  orbit,  and  form 
the  posterior  hiilf  of  the  large  bony  nostril,  p.  The  maxillar)-,  ib. 
nif  after  sending  off  11  process  which  cur\cs  over  the  amnrbital 
foranicu,  extends  forward,  diverging  from  the  nasal  to  tomi  tli? 
angular  fissure  which  receives  the  pninaxillary,  o,  22.  Eikiiot 
these  bends  inward  at  the  anterior  extremity,  but  is  sefiaraK?! 
by  a  wide  sjiace.  There  is  a  small  prenasal  ossicle  at  fig.  20o. 
and  />,  fig.  204,  A.  The  vomer  forms  a  bony  vertical  seplom 
dividing  the  nasal  cavity  from  the  prespheiK>id  forwanl.  TTie 
j)alatine  plate  of  the  maxillary,  fig.  204,  a,  21,  is  pierced  by  hif 
oblique  canals  for  the  transmifsion  of  palatine  branches  of  tht 
trigeminal  nerve.  The  bony  pahitc  is  continued  backward  enti^ 
between  the  large  shallow  alveoli,  ^,  A,  of  the  upper  homy  molars 
to  the  posterior  nostrils,  t,  wliich  resemble  those  of  the  Crooxiilf 
in  their  backward  position.  The  sutures  defining  the  paiannfis 
and  j)tervL'oids  are  soon  effaced. 

The  Ornitlx  rhynchus  diftens  from  the  Echidna  in  the  hrp 
vacuities  bchmd  and  in  front  of  the  tvm])anic  cavitv,  the  on? 
representing  the  combined  jugnlar  and  precondyloid  foramen,  rfif 
other  tlie  foramen  ovale.  The  notcli  above  the  foramen  magoun, 
fig.  204,  c,  is  better  defined  ;  as  is  ais<»  the  orbit. 

There  i^*  a  small  laerymal  foraiueu  at  the  anterior  and  iDDtr 
part  of  tiie  orhit  in  Ijoth  the  genera  of  Mouotremes;  a  littJi 
lower  down  is  tlie  commencement  of  the  nntorbital  cannl.  Ut 
canal  bran<  Ik  s  in  the  Echidna,  and  terminate^  on  the  outer 
of  the  maxillary  bone  by  a  succession  of  sinall  tbrannna:  but  i: 
the  Ornithorhynohus,  whore  it  transmits  a  nmeh  larger 
tive  nerve,  it  divides  into  three  canals,  of  which  one  emerge 
beneath  the  uncinated  ])rocess  of  the  maxillary  ahove  mentioiieil: 
a  secoTid  descends  and  opens  ujion  the  j)alate :  and  the  thin: 
passes  lorward  into  tlie  substance  of  the  facial  fork,  and  termi- 
nates by  a  large  foniTnen  at  the  outside  of  the  premaxillarv  hont. 

On  the  exterior  of  the  cranium  the  ridges  indicating  the  extec; 
of  the  temporal  muscles  are  clearly  developed  in  the  Omitk' 
rbynchus,  and  correspond  with  the  stronger  zygomata  and  tlx 
more  complete  apparatus  for  mastication  in  this  Monotreot 
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Four  Unear  impressions  upon  the  upper  surface  of  the  skull 
diverge  from  the  middle  of  the  lambdoidaL  ridge>  and  terminate 
at  the  temporal  ridges. 

The  interior  of  the  skull  oilers  many  unusual  modifications. 
The  sella  turcica  is  elongated  and  narrow  in  both  Monotremes ; 
it  is  bounded  by  two  very  distinct  lateral  walls  in  the  Echidna. 
The  posterior  clinoid  processes  are  chiefly  remarkable  for  their 
height  in  the  Omithorhynchus.  The  semicircular  canals  stand 
out  in  high  relief  in  this  species,  as  in  Birds.  In  the  Echidna 
the  olfactory  capsule  encroaches  upon  the  anterior  part  of  the 
ciantal  cari^  in  the  form  of  a  large  convex  protuberance,  and  a 
very  extensive  cribriform  plate  is  developed.  In  the  Omitho- 
rhynchus the  olfactory  tract  is  oomparatively  small  in  the  form  of 
a  depression,  and  the  nerve  escapes  by  a  single  foramen  in  the 
prefrontal:  this  is  likewise  an  interesting  mark  of  atlinity  to  the 
Bird  and  Reptile.  But  the  most  remarkable  feature  in  the  interior 
of  the  skull  of  the  Omithorhynchus  is  the  bony  falx,  fig.  204,  B. 
This  is  not  present  in  the  Echidna.  The  tentorium  is  mem- 
branous in  both  Monotremes. 

C.  Ban£$  of  the  Limbt, — ^The  scapul<B,  fig.  199,  o  and  51,  are 
compressed  curved  plates,  vertical  in  position,  like  the  other 
pleurapophyses :  they  have  coalesced  with  their  hemapophyses, 
the  ooracoids,  53  and  o,  o,  which  articulate  below  to  the  expanded 
hnmal  spine,  called  *  epistemum/  ^  and  also  with  the  succeeding 
spine,  called  *  manubrium,'  «,  or  first  bone  of  the  true  sternum. 
A  dismemberment  of  the  cora(M)id,  n,  extends  its  attachments  also 
to  the  elongated  T-shaped  epistemum. 

Tin  wlidlc  scapula  is  broader,  thicker,  and  less  curved  in  the 
Echidna,  %.  201,  si,  than  in  the  Omithorhynchus.  In  both 
Monotremes,  the  posterior  margin  or  costa  is  concave,  most  so  in 
the  Omithorhynchus,  and  in  both  it  is  turned  toward  the  trunk, 
so  that  the  subscapuUr  surface  looks  o))liquely  forward  and 
inward.  The  articular  surface  is  divided  into  two  f  u  i>ts:  the 
one,  internal  and  flat,  articulates  with  the  coracoid ;  the  other, 
external,  is  slightly  ooocave,  and  contributes,  with  a  similar  but 
narrower  concave  surface  of  the  coracoid,  to  form  the  glenoid 
cavity  for  the  humerus. 

The  eoracoidt  fig.  199,  G,  o,  and  59,  early  coalesces  with  the 
scapula  in  the  Ornithorhynehus ;  it  maintains  its  independent 
condition  to  a  later  period  in  the  Echidna.  In  both  it  is  a  strong, 
subcompressed,  subelongate  bone,  expanded  at  both  ends :  one  of 
these  is  articulated  and  anchylosed  with  the  scapula,  as  above 
described ;  the  other  is  jmned  to  the  anterior  and  external  facet 
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of  the  manuhrimn  sterni.  The  posterior  iiiar^iii  of  the  coraefiid 
is  concave  and  tree  ;  tlie  anterior  margin  is  strai^rlit  and  articu- 
lated with  a  nairower  '  e|>ieoracoid '  in  the  Echidna  than  in  the 
Ornithoiiivn«-liu8. 

The  clavicles,  fig.  199,  m,  m,  are  two  curved  styles,  exteTiding 
from  the  acromiou  along  the  transverse  bar  of  the  episternum. /, 
The  hui/ii  j  us.  ib.  53,  is  remarkal  le  for  its  shortness  and  breadtli, 
esjiicially  of  its  two  extreniiiie^.    There  is  a  small  sesamoid 
side,  above  the  intenial  tuberosity,  answering  to  the  '  os  hunitrv. 
capsulare'  in  the  shoulder-joint  of  Birtls  (p.  G7).    The  proximal 
expansion  terminates  by  a  l)road  tliiek  convex  border,  the  middle 
part  of  wliicli  is  develo})ed  into  the  articular  head,  which 
adapted  to  the  glenoid  cavity,  that  the  bone  is  maintaiiuHi  in  a 
horizontal  ])ositi<»n,  and  the  distal  expansion  is  nearlv  vortioaL 
The  deltoid  and   })ectoral  cresls  are  stronelv  devel^'ited;  bolii 
condyles  are  remarkably  produced,  especially  the  internal  one 
which  is  perforated,  fig.  199,  n,  a.    The  distal  articular  surtict 
scarcely  occupies  a  fourth  part  of  that  broad  termination  of  m 
hiimerus:   it  present^,  in  the  Echidna,  fig.  201,  53,  a  convex 
tubercle,  which  is  broadest  in  front  for  the  articulation  of  tlic 
rndiup,  narrow  behind  for  that  of  tlie  nlna.    The  articular  sur- 
faces of  both  antibrachial  bones  are  concave :  «o  that  the  elbw- 
joint  admits  freely  of  flexion  and  extension,  al  lu*  tion  and  addoc* 
tion,  but  is  restricted  in  the  movement  of  rotation. 

The  r(r(luis,  fig.  1119,  54,  and  ulna,  ib.  55,  are  in  contact  and  i 
pretty  firmly  connected  together  through  nearly  their  whole  ex- 
tent; the  interosseous  space  being  rechiceu  to  a  slight  fissure. 
The  uha  is  chiefly  remarkable  lor  the  olecranon,  fig.  li^9,  i,  \ 
which  is  bent  forward  upon  the  humerus,  and  transversely  ex-  ' 
panded  at  its  extremity,  especially  in  the  Ornithorhynchus,  in 
which  the  lower  or  inner  angh^  of  the  ex[>andcd  extremity  is  con- 
siderably produced.  The  shaft  of  the  uliui  is  compressed,  and 
increases  in  breadth,  in  the  Echidna,  as  it  approaches  the  hroad 
carpus.  In  the  Ornithorhynehus  it  in  bent  like  the  italic/, is 
more  cylindrical^  and  more  suddenly  expanded  at  the  distal  eni 
The  radius  oflfers  little  worthy  of  notice,  except  that  in  the  Onii- 
thorhynchus  it  is  flattened  next  the  ulna,  and  so  applied  to  thai 
bone  as  to  prevent  altogether  a  rotation  of  the  hand  upon  th« 
iilna.  In  the  Kchidna  the  distal  articular  surface  of  the  uIqi. 
fig.  207,  n,  presents  two  convex  trochleas  separated  hj  a  roedisB 
concavity;  that  of  the  radius,  ib.  r,  offers  a  reverse  condition; 
here  two  concavities  are  divided  by  a  median  convex  ridge :  all 
the  four  facets  at  the  carpal  joint  of  the  antibrachium  are  in 
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same  transverse  line.  The  two  radial  concavities  receive  the  two 
articular  convexities  of  the  broad  scapholunar  bone,  fig.  206,  a; 
the  two  convex  trochlea  of  the  ulna  play  upon  two  concavities, 
one-half  of  each  of  which  is  contributed  by  the  cuneiform,  ib.  h, 
and  pisiform,  t\  This  complicated  joint  limits  the  movement  of 
the  hand  upon  the  fore-arm  to  flexion  and  extension. 

Notwithstanding  the  confluence  of  the  scaphoid  with  the  lunar 
bone  in  the  carpus  of  the  Echidna,  as  in  that  of  the  Marsupials 
and  Carnivora,  it  includes  eight  ossicles,  a  small  sesamoid  bone, 
fig.  206,  X,  being  developed  in  the  tendon  of  the  flexor  carpi 
radialis,  and  articulated  with  the  scapholunar  bone,  a,  and 
radius.    The  distal  series  of  the  carpus  includes  the  four  nor- 


mal bones,  the  trapezium,  ib.  d,  supporting  'the  innermost  digit 
or  poUex,  the  trapezoides,  the  index,  the  os  magnum,  which 
is  almost  the  smallest,  sustaining  the  medius,  and  the  unci- 
forme,  ^r,  the  two  outer  digits :  in  the  Ornithorhynchus  the  os 
magnum  contributes  a  greater  share  to  the  articulation  with  the 
ring-finger. 

In  the  Echidna  all  the  bones  of  the  fore-extremity  are  rela- 
tively larger  and  stronger  than  in  the  Ornithorhynchus,  but  this 
difference  is  especially  remarkable  in  the  metacarpals  and  two 
first  rows  of  phalanges,  fig.  206,  //,  »,  A,  which  arc  singularly 
short,  broad,  and  thick.  The  palm  is  strengthened  by  two  large 
sesamoids  developed  in  the  flexor  tendons ;  these  arc  sometimes 
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confluent,  fig.  207,  /.  The  number  of  phalanges  in  both  Mono- 
tremes  is  the  same  as  in  other  Mammals,  viz.  two  to  the  thumb 
and  three  to  each  of  the  fingers.  This  is  not  the  case  in  anj 
Saurian,  and  the  retention  of  the  Mammalian  type  at  the  peri- 
pheral segment  of  the  limb,  with  the  singular  delation  from  it 
at  the  central  supporting  arch,  is  not  one  of  the  least  remarkable 
points  in  the  osteology  of  the  Monotremes. 

There  is  a  sesamoid  bone  at  the  palmar  aspect  of  each  of  the 
distal  articulations  of  the  phalanges  in  the  Echidna,  fig.  207, 
and  at  all  the  digital  articulations  in  the  Omithorhynchus,  fig. 
199,  n,  </.  The  ungual  phalanges  are  long,  depressed,  nearly 
straight,  of  great  strength  in  the  Echidna,  in  which  each  of  them 
is  perforated  at  the  palmar  aspect,  fig.  207. 

The  pelvis  of  the  Monotremes  bears  a  resemblance  to  that  of 
Reptiles  in  the  length  of  time  during  which  the  three  compc»nent^i 

of  each  os  iunominatum  remain 
distinct,  especially  in  the  Echid- 
na ;  and  in  the  great  deveiope- 
ment  of  the  ilio-pectineal  spine, 
which  equals  in  size  that  of  the 
Tortoise,  in  the  Omithorhvn- 
chus :  the  pelvis  of  the  Echidna 
resembles  that  of  Birds  in  the 
perforation  of  the  acetabulum, 
fig.  208,(7 ;  but  the  pehns  in  both 
Monotremes  chiefly  resembles 
that  of  the  higher  Lyencephala 
in  the  presence  of  the  marsupial 
bones,  ib.  p,  fig.  199,  x. 

The  iliumy  figs.  199,  208,  61, 
is  a  short,  strong,  trihedral  bone« 
with  the  upper  extremity  ex- 
panded and  everted  in  the  Omithorhynchus :  the  ischium,  ib.  6$, 
has  its  tuberosity  prolonged  backward  in  an  obtusely-jK>inted 
form ;  the  pubis  in  the  same  animal,  besides  having  the  spinou^t 
process  directed  forward,  gives  oflf  a  second  smaller  procesvs,  which 
I)rojecta  outward ;  this  process  is  present,  but  less  devclo|»ed,  in 
the  Echidna,  fig.  208,  64.  The  pubis  and  ischium  contribute  an 
equal  share  to  the  fonnation  of  the  foramen  obturatorium,  ib.  h, 
and  to  the  symphysis,  r/,  which  closes  the  peNis  below. 

The  marsupial  bones,  fig.  199,  x,  j-,  208,  are  relatively  larger 
and  stronger  in  the  Monotremes  than  in  the  ordinary  Mnrsupialia, 
the  Koala  excepted ;  their  base  extends  along  the  anterior  margin 
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of  the  pubis  from  the  syniphygis  outward  to  that  o£  the  spinous 
process :  they  are  relatively  longer  in  the  Echidna  than  in  the 
Omithorhynchus ;  they  always  remain  moveably  articulated  with 
the  brim  of  the  pelvis. 

The  femur,  fig.  199,  65,  is  short,  broad,  and  flattened  ;  its  head 
rises,  like  that  of  the  humerus,  from  the  middle  of  a  broad  ex- 
panded proximal  end,  having  on  each  side  a  strong  process,  the 
outer  one  representing  the  great,  the  inner  one  the  small,  tro- 
chanter. In  the  Echidna  a  projecting  ridge  extends  from  the 
great  or  outer  trochanter  beyond  the  middle  of  the  bone ;  the 
whole  of  the  inner  part  of  the  v'<liaft  is  l)()unded  by  a  trenchant 
edge  ;  both  outer  and  inner  margins  of  the  bone  are  trenchant  in 
the  Omithorhynchus.  The  distal  end  of  the  femur  is  expandetl 
transversely,  hut  compressed  from  before  backward.  The  rotular 
trochlea  is  flat  transversely,  convex  vertically,  in  the  Echidna  ;  it 
is  hardly  definable  when  the  cartilage  is  separated  from  the  l)onc ; 
but  the  patellti  itself  is  well  developed,  and  ossified  in  both 
Monotremes,  fig.  199,/). 

The  tihia,  ib.  66,  is  straight  in  the  Echidna,  but  bent,  with  the 
convexity  next  the  fibula,  in  the  Ornithorhyuchus  j  its  cristjB  are 
slightly  marked. 

The  Jibnla  is  slightly  bent  *W 
in  the  Echidna,  fig.  201,  67, 
hut  is  straight  in  the  Omi- 
thorhynchus, fig.  199,  67  ;  in 
hoth  Monotremes  it  is  longer 
than  the  tibia  by  the  extent 
of  a  process,  ib.  r,  which 
rises    upward    beyond  the 
proximal  articulatiim  of  the 
fibula,  and  strongly  expresses 
the    homotypnl  relation  of 
this  bone  with   the  ulna: 
this  process  reaches  halfway 
up  the  back  of  the  fcnuir  in 
the   ( )rnithorhynrhus,  and, 
like  the  olecranon,  is  greatly 
expanded  at  its  terminati(»n. 

The  tarsus,  figs.  209,210, 
Con>i>ts  of  a  naviculare,  BooManaolairiof Uiehlod-foo«,rociilwMpc«C. 

astragalus,  A,  a  calcaneum,  r, 

three  cuneiform  hones,  c,  f\  ami  a  cuboid,  //,  in  the  Echidna; 
but  tiie  cuboid  in  the  Omithorhynchua  ia  dividied  into  two  bonea» 
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as  in  some  Reptiles,  one  for  the  fourth  and  the  other  for  the  fifth 
metatarsals.  In  both  Monotreraes  there  is  a  sesamoid  bone,  fij. 
209,  placed  at  the  interspace  between  the  astragalus  and  the 
na\Hlculare;  a  second  supernumerary  bone,  ib.  **,  is  articultted 
to  the  posterior  part  of  the  astragalus,  and  supports  the  per- 
forated spur  which  characterises  the  male  sex,  fig.  199,  k,  ^f,  ^ 
The  calcaneum  of  the  Omithorhynchus,  c/,  terminates  by  sending 
outward  a  short  obtuse  tuberosity ;  in  the  Echidna  this  part  is 
more  slender,  and  is  singularly  directed  inward  and  Sonmi 
nearly  in  a  line  with  the  digits,  fig.  210,  c. 

The  astragalus  in  the  Omithorhynchus  presents  a  double 
trochlea  aboye  for  the  tibia  and  fibula,  and  a  depression  on  iti 

inner  side,  which  receives  the  incurved  mal- 
leolus of  the  tibia,  almost  as  in  the  Sloda 
The  toes  have  the  same  number  of  bones 
as  in  other  Mammals ;  their  size  and  form 
are  more  alike  in  the  two  Monoteennftoai 
genera  than  those  of  the  fingers :  tiie  as* 
gual  phalanges,  like  Ihe  daws  they  support, 
are  more  cnrved  than  those  on  the  fsr^j^ 
but  like  them  they  are  perforated  on  tlnr 
inner  and  concave  side,  fig.  210. 

{ 180.  SkeletanofMarsupiaHa,—A,  Ver- 
iehral  Column, — The  number  of  *  tme  *  n^ 
tebra  is  the  same  in  all  the  ManupiaSi, 
Tiz.  as ;  that  of  the  dorsal  and  Inmbsr  serin 
varying  according  to  the  number  of  long 
and  free  ribs,  e.  g.  <^  is  /  7  in  Petsiimli> 
ditl  4  in  Wombats,  if  is  /  tf  in  other  genen; 
the  cervicals  are  seven  in  alL 
In  the  Koala  the  length  of  the  spine  of  the  first  dorsal  hutSj 
exceeds  that  of  the  last  cervical,  but  in  all  other  Maisupisb  tkie 
difference  is  considerable,  the  first  dorsal  spine  being  much  longer; 
those  of  the  remaining  dorsal  vertebra  progressivdj  dimiiiiih  in 
length  and  increase  in  breadth  and  thickness.  They  slope  fowtfl 
the  centre  of  motion,  which  is  shown  by  the  verticality  of  its 
spine :  this,  in  the  Perameles^  is  at  the  eleventh  dorsal  vertebn, 
in  Potoroos  and  Kangaroos,  fig.  211,  at  the  ninth -twelfth,  in  the 
Petaurists  at  the  thirteenth  vertebra.  In  the  Phalamgrers,  Koali, 
and  Wombat,  the  flexibility  of  the  sj)ine  is  much  diminished,  and 
the  centre  of  motion  is  not  defined  by  tlie  convergence  of  ^ 
spinous  process  toward  a  single  vertebra,  but  they  all  incliw 
slightly  backward,  fig.  212. 
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The  metapophyse.s  which  hcprin  to  increase  in  length  in  the 
three  posterior  dorsal  vertebra*,  attain  a  great  size  in  the  lum- 
bar vertebra?,  and  are  locked  'iuu>  the  interspace  betneen  the 
anapophyses  and  i>ost-zyjrap()phy.ses.  The  diapopliyses  of  the 
lumbar  vertebral  j)rogre9sively  increase  in  length  as  the  ver- 
tebrtc  approach  the  sacrum  ;  they  are  most  developed  in  the 
Wombat,  ;\here  they  are 

directed  ol>li(^ucly  forward.  211 
III  ill'  K.mjjaroos,  Potorooa, 
ami  iViiiiueles,  they  arc 
curved  forward  and  ob- 
liquely downward.  The 
length  nf  these  and  of  the 
lact,^"  iphyscs  is  relaiuciy 
least  in  the  Petaturists, 
Phalangers,  ati<l  <  ) possums. 

In  the  WoHihai  the  meta- 
|iophysis  rises  suddenly  from 
iht:  outride  of  tlic  |ae/y;i;a- 
pophysis  of  the  twelfth  dor- 
md,  increases  in  length  to 


the  second  lumbiur,  diminishes  hy  degrees  to  tihe  second  sacral, 
and  is  rudimental  in  the  following  sacral  and  caudal  Terte- 
bra.  A  rudiment  of  the  anapophysis  is  first  discernible  on  the 
eleventh  dorsal :  the  process  gradually  increases  to  the  last  dorsal^ 
diminishes  in  the  lumbar^  and  disappears  in  the  last  of  that  series. 
The  diapophysis,  moreoveri  is  not  sup|>re<«ed  on  the  last  dorsal 
vertebra.  The  serial  homology  of  the  transverse  processes  of 
the  lumbar  vertebrae  is  here  manifested  in  the  most  unequivocal 
way;  both  metapophyses  and  anapophyses  coexist  with  diapo- 
physes  in  the  last  four  dorsal  and  the  first  three  lumbar  vertebrae. 
Whether,  therefore,  the  metapophysis  or  the  anapophysis  be  the 
part  called  '  tubercle  *  by  some  Anthropotomists,  neither  of  them 
is,  in  the  lumbar  vertebr®,  the  process  named  'transTerse*  in 
the  thoracic  vertebrae  :  that  process^  to  which  the  name  '  diapo- 
physis *  is  restricted  in  the  present  work,  is  continued  distinctly 
into  the  lumbar  region,  and  is  there  lengthened  out  by  a  super- 


digitized  by  Google  j 


330 


ANATOMY  OF  VERTEBRATES 


added  '  pleurapopbysis/  which  is  ossified  from  a  distinct  centre  in 
the  Wombat. 

The  free  or  tlioracic  ribs  consist  of  bony  pleurapophyses  and 
gristly  haemapophyses,  acquiring  bone-earth  only  in  aged  Mar- 
supials :  in  the  Wombat  the  six  anterior  pairs  articulate  directly 
with  the  sternum,  in  the  nine  following  the  haeraa|)ophyses  are 
attached  to  one  another.  The  pressure  which  the  trunk  of  the 
Wombat  must  occasionally  have  to  resist  in  its  burrowing  work 
may  be  the  condition  of  the  unusual  number  of  bony  arches  of  the 
trunk.  In  the  Kangaroo  seven  anterior  pairs  of  ribs  join  the 
sternum ;  several  of  the  posterior  pairs  terminate  freely,  fig.  211. 


212 


Wombat. 

The  sternum  consists  of  a  longitudinal  series  of  four  bones  in 
the  Wombat,  of  five  in  the  Petaurist,  and  of  six  in  most  other 
Marsupials.  The  first,  or  *  manubrium,'  is  the  largest ;  in  many 
a  longitudinal  crest  is  developed  from  the  middle  of  its  outer 
surface,  which  in  Wombats  and  Phalangers  is  produced,  and  gives 
attachment  to  the  clavicles.  The  first  pair  of  ribs  abut  upon  the 
anterior  angles  of  the  triangular  manubrium  of  the  Wombats,  but 
in  Dasyures,  Opossums,  Petaurists,  and  Kangaroos,  the  nianubrium 
is  compressed  and  elongated,  and  the  clavicles  join  the  produced 
anterior  end.  The  hajmapophyses  articulate  at  the  interspaoeM 
of  the  succeeding  sternebers,  the  last  of  which  support*  a  broad 
flat '  xiphoid  '  cartilage. 

The  number  of  vertebrae  succec<ling  the  lumbar  which  are 
anchylosed  together  in  the  sacral  region  of  the  spinc^  amouutj»  in 
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the  Wombat  to  seven,  fig.  213;  but  if  we  regard  those  vertebrne 
only  as  sarral  which  join  the  ossa  innominata,  then  tliere  are  but 
four.  In  tlie  Phalangers  there  are  generally  two  such  sacral 
vertebra?,  but  in  the  Phnlaiifjista  Cnohii  the  last  lumbar  assumes 
the  character  of  the  sacral  vertebraj  both  by  anchylosis  and  partial 
junction  with  the  ossa  innominata. 

In  the  Kangaroos  and  Potoroos  the  impetus  of  the  powerful 
hinder  extremities  is  transferred  to  two  anchylosed  vertebrae.  In 
the  Pcrameles  there  is  only  a 
Fingle  sacral  vertebra,  the  spine 
of  which  is  shorter  and  thicker 
than  tliose  of  the  lumbar  verte- 
brie,  and  is  turned  in  the  con- 
trary direction,  viz.  backward. 

In  the  Myrme<^obius  there  are 
four  sacral  vertebric  by  anchy- 
losis, two  of  which  join  the  ilia. 
In  Mange's  Dasyure,  two  sacral 
vertebral  are  anchylosed,  but  it 
is  to  the  expanded  transverse  pro- 
cesses of  the  anterior  one  only 
that  the  ossa  innominata  are 
joined.  The  same  kind  of  union 
exists  in  the  Viven-ine  Dasyure, 
hut  three  vertebra*  are  anchy- 
losed together  in  this  sjieries.  In 
the  Phalangers  and  Petaurists 
there  are  two  sacral  vertebra\  In  Petauru$  macrurus  three  are 
anchylosed  together,  though  only  two  join  the  ilium.  In  the  Wom- 
bat, fig.  213,  the  transverse  processes  of  the  numerous  anchylosed 
vertebra*  are  remarkable  for  their  length  and  flatness :  those  of  the 
first  lour  are  directed  outward  and  are  confluent  at  their  extremi- 
tie.*< ;  the  remaining  ones  are  turned  in  a  slight  degree  backward, 
coalesce,  and  very  nearly  reach  the  tuberosities  of  the  iscliia: 
behind  these  they  gradually  diminish  in  size  and  disappear  in 
thf  three  last  caudal  vertebne.  The  transition  from  the  sacral 
to  the  cMtidjil  vertebra;  is  here  very  obscure.  If  we  limit  the 
sacral  t<>  tlie  three  or  four  which  join  the  iliunij  then  there 
remain  twelve  vertebra*  for  the  tail.  The  Bjnnal  canal  is  com- 
[detc  in  all  but  the  last  three^  which  consist  only  of  the  body. 
There  are  no  hamal  spines,  and  as  only  the  six  postenor  ver- 
tebne, which  progreesively  diminish  in  length,  extend  beyond 
the  posterior  aperture  of  the  pelvis,  the  uJl  is  scarcely  visible 
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In  the  living  animBL  In  the  Koala>  fig.  227,  the  tul  is  dm 
very  short.  In  the  Charopns  it  seems  to  be  wanting.  In  one 
species  of  Penuneles  I  find  eighteen  caudal  Tertebne ;  in  another 
twenty-three.  In  two  species  of  Potoroo  there  are  twenty- 
four  caudal  vertebras,  but  the  relative  length  of  the  tail  difilen 
in  these  by  one  third,  in  oonsequence  of  the  dififerent  length 
of  the  bodies  of  the  vertebrae.  In  Hyps  '>}>tynmu$  ursmns  there 
are  more  than  twenty-six  caudal  vertebne.  In  the  Crreat  Kan- 
garoo there  are  twenty-two  caudal  vertebrae.  In  Bennett's  Kan- 
garoo there  are  twenty-four  caudal  vertebrae,  which  are  remailc- 
able  for  their  size  and  strengtL  In  the  FhaUtnpUta  vuipima^ 
there  are  twenty-one  caudal  vertebne.  In  the  Peiaurui  mm^ 
erurus  I  find  twenty-eight  caudal  vertebrae,  while  in  the  At. 
$eiureu9  there  are  but  twenty ;  the  bodies  of  the  middle  caudal 
vertebrae  in  both  these  species  are  remarkably  long  and  slender. 
The  Myrmecobius  has  twenty-three  caudal  vertebrae :  in  JHdeiphy$ 
eancrivora  there  are  thirty-one ;  in  the  Virginian  Opossum  thete 
are  twenty-two  caudal  vertebrae.  In  the  latter  species  the  spinl 
canal  is  continued  along  the  first  six;  beyond  these  the  neural 
spines  cease  to  be  developed,  and  ^e  body  gives  ofi^,  above,  only 
the  two  anterior  and  two  posterior  zygapophyses  which  are  mdi- 
mental,  and  no  longer  subservient  to  the  mutual  articulation  ef 
the  vertebrae.  The  transverse  processes  are  single  on  the  first 
five  caudal  vertebra,  and  are  nearly  the  breadth  of  the  body, 
but  diminish  in  length  from  the  second  caudal,  in  which  vertebnr 
they  are  generally  the  longest.  In  the  other  vertebne  a  shon 
obtuse  process  is  developed  at  both  extremities  of  the  body  on 
either  side,  so  that  the  dilated  articular  surfaces  of  the  posterior 
caudal  vertebra  present  a  quadrate  figure. 

In  most  of  the  Marsujdals  which  have  a  long  tail,  this  ap- 
pendage is  subject  to  pressure  on  some  part  of  the  under  ^u^^al!e. 
In  the  Kangaroo,  fig.  211,  this  must  obviously  take  place  to  i 
considerable  degree  when  tbe  tail  is  used  as  a  fif'tli  extremitv.  to 
aid  in  supporting  or  propelling  the  body.  In  the  Potonxi?  aua 
Bandicoots  the  tail  also  transmits  to  the  prround  part  of  the  >u]  er- 
incumbent  pressure  of  the  bodv  by  its  under  suHaee,  when  Tht' 
animal  is  erect,  but  it  is  not  u.-ed  a.s  a  crutch  in  locomutint)  a»i 
in  the  Kangaroos.  In  the  Phalangers  ami  Opossums  the  tail 
prehensile,  and  the  vessels  bituated  at  the  under  surface  are  liul  it 
to  compression  when  the  animal  hangs  suspended  by  tlio  t;ui. 
To  protect  these  vessels,  therefore,  as  well  iis  t<»  afford  additinnal 
attachment  to  the  muscles  which  execute  the  \  iimns  modern,  n:- 
for  which  the  tail  is  adapted  in  the  al>ove-nientiuned  Mamupiaii^ 
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V-Hhaped  bones,  or  baMiial  arches,  are  developed,  of  various  (onus 
and  sizes,  and  are  placed  beueath  the  articulations  of  tlie  vertebra% 
a  situation  which  is  analogous  to  that  of  the  neural  arches  in  tlie 
sacral  region  of  tlie  -pliic  in  Birds,  and  in  the  dorsal  re^^^ion  of 
the  spine  in  the  Clu'i«»uiau  Reptiles.  The  two  crura  of  the 
hsemal  arch  euibrai-e  and  defend  tlio  bloodvessels,  and  the  spinous 
process  contiuuetl  frn?Ti  their  point  oi'  union  presents  a  variety  of 
forms  in  dift'erent  t^cuera.  In  Cook's  Phalan^er  the  hsmapo- 
physed  eonnnence  between  the  second  and  third  caudal 
vertebra?,  increase  in  length  to  the  fourth,  and  then 
progressively  diminish  to  the  end  of  the  tail ;  the 
penultimate  and  antepenultimate  presenting  a  ])er- 
nianent  separation  of  the  lateral  moieties,  and  an 
absence  of  the  spine,  fig.  214.  In  the  Great  Kan- 
garoo the  >]nne  of  the  first  hx'mal  arch  only  is  simple 
and  elongated,  the  extrruiities  of  the  others  are  ex- 
panded, and  in  some  jut  out  into  four  obtuse  pro- 
cesses, two  at  the  taides^  and  two  at  the  anterior  and 
posterior  surfaces. 

The  cervical  vertebras  seven  in  number  in  all  Mar- 
supials, show  usually  to  the  last  the  circumscription  of 
the  vertebrarterial  foramen  by  confluence  of  a  short 
plcurapophysis,  fi^.  2H).  pi.  with  «li- and  met-apophy- 
scs  :  but  1  have  seen  tiie  plcuraj)ophy8e8  still  unan- 
cln  losed  in  a   full-pfrown   Perameles.    Tn  Dasyures, 
Opossums,   Phalangerei,  and  Perameles,  the  seventh 
•■crvical  has  the  dIa|)ophysi8  only:  in  the  Kangaroos 
both  atlas  and  dentata  may  have  the  transverse  pro- 
cess merely  pT^^^ved  by  the  vertebral  arteries :  in  the 
Koala  and  Wond)at  the  atlas  prcseiits  oidy  the  per- 
foration on  each  side  of  the  superior  arch.    In  the 
Perameles  and  some  other  Marsupials,  the  neurapo- 
physes  of  the  atlas,  fig.  216,  n,  are  distinct  from  the 
hypnpophysis,  lig.  215,  /<,  as  well  as  from  tlieir  })roper 
centrum,  the  odontoid,  fig.  216,  ca.    In  the  K  rial  a 
and  AVondjat  the  hypnpophysis  remains  cartilaginous,  and  the 
lower  part  4tf  the  vertebral  ring  is  completed,  in  the 
skeleton,  by  dried  gristly  substance,  fig.  216.    In  the 
Petaurists,  Kangaroos,  and   Potoroos,  the  atlas  is 
completed  below  by  an  extension  of  ossification  from 
the  neurapophyscs  into  the  cartilaginous  hypapophy- 
sis,  simulating  the  body,  and  the  ring  of  the  vertebra  is  for  a  long 
time  interrupted  by  a  lougitudiiiai  tiMure  in  the  middle  line,  the 
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breadth  of  which  dimhushes  with  age.   In  all  the  Manu]>iala  the 

spine  of  the  dentata  is  well  developed  both  in  the  Tertical  and  longi- 
tudinal directions,  but  most  so  in  the  Virginian  and  Crab-eating 
Opossums,  fig.  217,  where  it  increases  in  thickness  posteriorly; 
in  these  species  also  the  third,  fourth,  and  fifth  cervical  vertebrs 

have  their  spines  remarkably  long  and 
thick,  but  progressively  diminishing 
from  the  third,  fi<j.  218,  which  equals 
iu  liei<i;ht  and  tliiekncss,  but  not  in 
longitudinal  cxtvnt,  the  spine  of  the 
dentata.  These  spines  are  four-sided, 
and  being  closely  impacted  together, 
one  behind  another,  must  add  greatly 
to  the  strength,  while  they  diminish 
the  m()))ility,  of  this  part  of  tlie  spine. 
The  structure  of  the  transxerse  j>nv- 
cesses  of  the  cervical  vertebra',  Hl'. 
218,  dj  is  also  adapted  to  the  strength- 
ening and  fixation  of  this  jiart  of  the 
vertebral  column:  tlir-y  are  expanded  nearly  in  the  axis  of  the 
8pine>  but  so  that  the  posterior  part  of  one  transverse  process 

overlaps  the  anterior  part  of 


the  succeeding.  This  struc- 
ture is  exhibited  in  a  slighter 
degree  in  the  cervical  veite> 
bra;  of  the  Dasyures,  Ph*- 
langcrs,  and  Great  Kangaroo. 
In  the  Petaurists,  PntonM'*, 
Wombat,  and  Ki.ala,  the  di- 
rection and  simpler  fonn  of  the 
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jrl'K?M-S^n       'IftSiiijin^^^T'  tran-^verse  processes  allow  of 

greater  freedom  of  lateral  mo- 
tion. In  the  Koala  and  Wombat  a  short  obtuse  process  is  given 
off  from  the  under  \mrt  of  the  transverse  process  of  the  sixth 
cendoal  vertebrae.  In  the  PotorooB,  Kangaroos,  Petaurists,  Pba- 
langers,  Opossums,  and  Dasyures,  this  process  is  rcmarkablv 
expanded  in  the  direction  of  the  axis  of  the  spine.  In  the  BandU 
coots  corresponding  processes  arc  observed,  progressively  increasing 
in  size,  on  the  fourth,  fifth,  and  sixth  cervical  vertebra?. 

B.  Skull. — The  form  of  the  skull  varies  much  in  differrat 
Marsupials,  but  it  may  be  said,  in  general  terms,  to  resemble  an 
elongated  cone,  being  terminated  by  a  vertical  plane  surface 
behind,  and  in  most  of  the  species  convei^ging  toward  •  puinl 
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anteriorly  :  it  is  also  generally  more  depressed  or  flattened  than 
in  tlie  placental  Mammalia.  The  skull  is  also  remarkable  in  all 
the  Marsnjtial  genera  lor  the  small  ])rop()rtion  which  is  devoted 
to  the  protection  of  the  brain,  and  for  the  great  expansion  of  the 
nasal  cavity  immediately  anterior  to  the  cranial  cavity. 

In  the  stronger  carnivorous  Marsupials  the  exterior  of  the  cra- 
nium is  characterised  by  bony  ridges  and  muscular  impressions, 
hut  in  the  smaller  herbivorous  and  insectivorous  species,  as  tho 
Pctaurists,  Potoroos,  and  Mf/rmrruhius,  the  cranium  presents  a 
smooth  convex  surface  as  in  Birds,  corresponding  with  the  smooth 
un  convoluted  surface  of  the  simple  brain  contained  within^  fig. 
211). 

The  breadth  of  the  skull  in  relatitm  to  its  length  is  greatest  in 
the  Wombat,'  Ui-sine  Dasyurc^and  Pctaurists,  in  which  it  equals 
three-fourths  of  the  length,  and  is  least  in  the  Ferameles  layotis, 
in  which  it  is  less  than  one-half. 

The  occipital  region,  which  is  generally  plane,  and  vertical  in 
|)Osition,  forms  a  right  angle  with  the  ujiper  surface  of  the  skull, 
from  which  it  is  separated  by  an  ocH'ipital  or  lambdoidal  crista. 
This  crista  is  least  developed  in  the  Myrmecobius^  Petaurists^ 
and  Kanj'aroos,  and  most  so  in  the 
Thylacine  and  larger  Opossums,  in 
which,  as  also  in  the  Koala,  the 
crest  curves  slightly  backward,  and 
thus  changes  the  occipital  plane 
into  a  concavity  for  the  finn  im- 
plantation  <>f  tho  strong  muscles 
from  the  nt-ek  and  back. 

The  upper  surface  of  the  skull  presents  great  diversity  of 
character,  which  relates  to  the  ditlerent  developcment  of  the 
temporal  muscles,  and  the  varieties  of  dentition  in  the  diii'erent 
genera. 

The  extinct  Nototherium  offers  the  singular  exception  of  an 
expansion  of  the  facial  part  of  the  skull,  vertically  and  trans- 
versely, fnjui  the  orbits  to  the  terminal  niuz/.lc.' 

In  the  Wombat  the  coronal  surface  oilers  an  almost  flattened 
tract  bounded  by  two  slightly  elevated  temporal  ridges,  which 
are  upwards  of  an  inch  apart  posteriorly,  and  slightly  diverge  as 
they  extend  forward  to  the  anterior  ])art  of  the  orbit.  In  the 
skull  of  the  Virginian  Opossum  the  sides  of  the  cranium  meet 
above  at  an  acute  angle,  and  send  upward  irom  the  line  of  tbeir 

»  At  tS  to  10.  *  Ai  10  to  14. 

*  ucBim-.  p.  170^  pL  vii. 
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union  a  remarkably  elevated  sagittal  creet,  which,  in  mtttm 
flkolls,  is  proportionally  more  developed  than  in  any  of  the  pk- 
centai  Caniivora»  not  even  excepting  the  strong-jawed  HynuL 
The  Thylacine  and  Dasyures,  especially  the  Ursine  Dasyure,  ei- 
hibit  the  sagittal  crest  in  a  somewhat  less  degree  of  devdopeneit 
It  is  again  smaller,  but  yet  well  marked,  in  the  Koak  and  Fen- 
meles.  The  temporal  ridges  meet  at  the  lambdoidal  sutore  in 
larger  Phaktnffist€B  and  in  the  Hypsiprymnif  but  the  size  of  the 
muscle  in  these  does  not  require  the  developement  of  a  bony  crest 
In  the  Kangaroo,  the  temporal  ridges,  which  are  very  slightly 
raised,  are  separated  by  an  interspace  of  the  third  of  an  indt. 
They  are  separated  for  a  proportionally  greater  extent  in  tlie 
Petaurists,  especially  Petaurus  Jlaviventer ;  and  in  the  smooth 
und  convex  upper  surface  of  the  skull  of  Petaurus  sciureus,  Pet. 
pi(jm(£us,  Mi/rmecobiuSf  the  impressions  of  the  feeble  temponl 
muscles  almost  cease  to  be  discernible. 

The  zygomatic  arches  are,  however,  comj)lete  iu  these  as  in  all 
the  other  genera;  they  are  usually,  mdeed,  strongly  developetl; 
but  their  variations  do  not  indicate  the  nature  of  the  food 
clearly,  or  correspond  with  the  differences  of  animal  an  l  vegetable 
diet  in  the  same  degree,  as  in  the  placental  Mamnialia.  Ami 
this  is  not  surprising  when  wc  recollect  that  no  Marsupial  ani- 
mal is  devoid  of  incisors  in  liie  upper  jaw,  like  the  ordinary 
Ruminants  of  the  ])lacental  series:  accordingly  the  more  com- 
plete dental  system  with  which  the  herbivorous  Kangaroo?, 
Potoroos,  Phalangers,  &c.,  are  provided,  and  which  appears  to  be 
iu  relation  to  the  scantier  pa^Jturage  and  the  drv  und  rigid  cha- 
racter of  the  herbage  or  foliage  on  which  they  bi  uwse,  requires  a 
stronger  apparatus  of  bone  and  muscle  for  the  action  of  the  jaws, 
and  especially  for  the  working  of  the  terminal  teeth.  There  are, 
however,  well-marked  differences  in  this  part  of  the  ^farf^upial 
skull ;  and  the  weakest  zygomatic  arches  are  those  of  the  lasetti- 
yorous  Pcramelcs  and  Acrobates,  in  which  structure  we  may 
discern  a  c<>rrr^])(  jndence  with  the  Edentate  Anteaters  of  the 
placental  j^eries.  .Still  the  ilitiercuce  in  the  developement  of  the 
zygomata  is  greatly  in  favour  of  the  "Marsupial  Insectivora. 

The  Ht/psiprt/7?i 7/1  come  next  in  tlie  order  of  developement  of 
the  zygomatic  arches ;  which  again  are  proportionally  much 
stronger  in  the  true  Kangaroos.  The  length  of  the  zygomata  in 
relation  to  the  entire  skull  is  greatest  in  the  Koala  and  Wombat. 
In  the  former  animal  they  are  remarkable  for  their  depth  nnd 
straight  and  parallel  course,  as  well  as  for  their  longitudinal  ex- 
tent, fig.  221.  In  the  Wombat^  fig,  220>  thej  have  a  ofmiderabk 
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curve  outward,  so  as  greatly  to  diminish  the  resemhlance  which 
otherwise  exists  in  the  form  of  tlie  skull  between  tliis  Marsupial 
and  the  Herhivorous  Kudentia  of  the  placental  series,  as,  e.  g., 
the  \  Iscaccia. 

In  the  carnivorous  Marsupials  the  outward  swecf)  of  the  zygo- 
matic arch,  which  is  greatest  iu  the  Tl^yluciue  and  Ursine 
Daj^yurc,  is  also  accompanied  hy  a  slight  eiirve  upward,  but  this 
curvature  is  chiefly  exprcsse<l  by  the  eoneavity  of  the  lower 
margin  of  the  zygoma,  and  is  by  no  means  so  well  marked  as  in 
the  placental  Caruivora.  It  is  rnn  n  kable  that  this  upward  cur- 
vature is  «rreater  in  the  slender  zygomata  of  the  Perameles  than 
in  the  stronger  zygomata  of  the  Dasyures  and  Oj>ossums.  In 
the  Koala  and  l^halangers  there  is  also  a  slight  tendeney  to  the 
upward  curvature  ;  in  the  W  ()nd)at  the  outwardly  expanded  arch 
is  horizontal.  In  the  Kaiifj!:aroo  the  lower  marLnJi  of  the  zygoma 
describes  a  slightly  undulating  curve,  the  middle  part  of  which  is 
convex  downward. 

In  many  of  the  Marsupials,  as  the  Kangaroo,  the  Koala,  ?omc 
of  the  Phalangen*,  i*etanrlst<,  and  Opossums,  the  superior  margin 
of  the  zyg(mia  begins  iiuuuMli.itil v  to  rise  a))ove  the  posterior 
origin  of  the  arch.  In  the  \\'oml>at  ;v.i  exti-rnal  ridge  of  ])one 
rnnnnenee.s  at  the  middle  of  the  lower  margin  of  the  zygoma,  and 
LT-ulually  extends  outward  as  it  advanees  forward,  and  being 
joine<l  by  the  upper  mar<_nti  of  the  zygoma,  forms  the  lower 
IxHindary  of  the  tirliit,  and  ultimately  curves  downward  in  front 
of  the  antorbital  f<iramen,  below  which  it  bifurcates  and  is  lost. 
Tins  ridge  restdts,  a-s  it  were,  from  the  flattening  of  the  anterior 
part  of  the  zygoma,  which  thus  forms  a  smooth  and  slightly  con- 
cave horizontal  platform  for  the  eye  to  rest  upon. 

The  same  structure  obtains,  but  in  a  slighter  degree,  in  the 
Koala.  In  the  Kangaroo  the  anterior  and  inferior  part  of  the 
zygoma  is  extended  downward  in  the  form  of  a  conical  process, 
which  reaches  below  the  level  of  the  grin  ding-teeth;  it  is  de- 
veloped from  the  maxillary.  A  much  shorter  and  more  obtuse 
process  is  observable  in  the  corresponding  situation  in  the  Pha- 
langers  and  Oi>o8sums. 

The  relative  length  of  the  facial  part  of  the  skull  anterior  to 
tlie  zygomatic  arches  varies  remarkably  in  the  difierent  Marsupial 
genera.  In  tlie  Wombat  it  is  as  six  to  nineteen  ;  in  the  Koala  as 
five  to  f<mrteen  ;  in  the  Petaurus  sciureus  and  Fetaurus  Bennettii 
it  forms  about  one-fourth  of  the  entire  skuU  ;  in  the  Phalangers 
about  one-third ;  in  the  carnivorous  Dasyures  and  Opossums  more 
than  one-third;  in  the  Tbylacine  nearly  one>half ;  in  Perameies, 
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MaeropuM^  and  Hypsiprymnus  murmuM^  the  length  of  the  skoD 
anterior  to  the  orbit  is  equal  to  theremaimng  posterior  part ;  b«t 
in  a  species  from  Van  Dieman'a  Land  (Ifypsiprynmvs  myotunu, 
Ogilb.),  the  facial  part  of  the  skull  anterior  to  the  orbit  eiceds 
that  of  the  remainder,  and  the  arboreal  Hypsiprymni  from  Ke« 
Guinea  present  a  still  greater  length  of  muzzle.  In  most  Kir> 
Bupials  the  skull  gradually  converges  toward  the  anterior  es- 
tremity;  the  convergeuoe  is  more  sudden  in  the  Petamrvtt^ 
especially  PeL  Bennettii;  but  in  the  PerameleM  layoHs  the  ilnH 
is  r^narkable  for  the  sudden  narrowing  of  the  face  anterior  to 
the  orbits,  and  the  prolongation  of  the  attenuated  snout,  pR- 
eerring  the  same  diameter  for  upwards  of  an  inch  before  it  fiidhf 
tapers  to  the  extremity  of  the  nose.  In  the  Koala  the  oocre- 
Bpondiug  part  of  the  skull  is  as  remarkable  for  its  shortaes*  » 
it  is  in  the  Per*  layotis  for  its  lengtli,  but  it  is  bounded  latenlij 
by  parallel  lines  through  its  whole  extent.  In  nearly  aO  ^ 
Marsupiab  two  long  parai)ophyscs  project  downward  from  the 
inferior  angles  of  the  occipital  region.  These  processes  sw 
longest  in  the  Kangaroos  and  Koala ;  in  the  Wombat  tbcT 
coexist  with  the  true  mafitoitb,  which  are  of  larger  size.  %. 
220,  8.  In  the  Opossums  and  Dasyures  the  paroccipital*  are 
short  and  obtuse;  in  Acrobates  they  cease  to  exiiit,  but  they  iit 
present  in  the  larger  Petaiirists. 

The  elements  of  the  occipital  neural  arch  remain  longer  di^ 
tinct  ill  ^larsuplals  than  in  most  other  Mammals.  In  the  ^kuU 
of  a  half-gr<»wii  Th\  laclne  the  bitsioccipital  has  coaU  ^riHl  tntk 
the  exoccipitals,  which  ahiiost  meet  almve  the  lorainou  nmirnuro. 
The  lateral  siim.^  impresses  the  fore  ])art  of  eai  h  t  xnr<  ipitiLl.  *nii 
then  sinks  into  a  ciiiial  which  communicates  or  <»p(  tii*  intu  tho 
])recondyl()id  canal  :  from  thih  another  <  aual  ext<'n<l'»  forwari 
through  the  side  of  the  basioccipital.  The  supcroct  ipit^iJ  h» 
coalesced  with  the  paiietals  and  inter[jarieLal.  Tlie  I ta«*ispheiH»iJ 
has  coalesced  uuli  the  ali^}>henoids  and  the  presphiMioiii.  l>«t 
not  with  the  jitcrvgoids:  it  has  no  *  sella  *  nor  clini>id  pr.'^es^; 
it  is  perforated  by  the  entocarotid  at  its  liack  and  outer  ;iiii'lt? : 
the  canals  <-onverge  forward  and  slightly  upward,  un«l  tennina'^ 
above  the  middle  <»f  the  basisplienoid.  The  aHsj»}>en"i<i*  ii-i'-^' 
the  fiiramen  ovale  near  thiir  [WLsterior  borders:  tlie  lorani'- 
rotiindum  is  a  longer  canal.  The  posterior  antdes  uf  the  ali* 
sphenoid  exf>and  !nt<i  tvmpanic  bulUe:  pterajH)|>iiyse8  are  sent 
off'  in  advance  which  join  both  pterygoids  and  palatines.  Th*" 
j»arietaU  have  coalesced  ^^ith  each  <ither,  with  the  frMntal.  witlj 
tlie  interparietal,  and  the  supcroccipital.    The  orbac»s»|ihcnoi<^ 
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are  vcrv  small  ;  their  eoalei^eed  bases  arch  backward  over  the 
optic  nerves  and  presplu'iioidaJ  prole mtration  of  the  basibphenoid, 
as  in  the  bird,  and  their  under  j>art  is  grooved  (not  perforated)  by 
th€  optic  nerves,  whirh  escape  by  the  Hsf=:ura  lac(  r;i  imterior. 

The  na^al  portion  ui  the  eoakx-eH  frontals  is  more  expanded 
than  the  cerebral  one:  tlie  frontal  amuses  extend  to  the  coronal 
suture  and  raise  the  outer  far  above  the  vitreous  tal>le :  in  this 
table  the  frontal  and  coronal  sutures  remain,  but  tliev  are  obli- 
terated  in  the  outer  tahle.  The  vomer  is  carinate  below.  The 
na>?als  are  distinct  from  each  other  and  from  the  frontnls  :  tliey 
are  L^rooved  externally  for  the  preniaxillaries.  The  ])etronni8toid, 
tympanic,  and  temjxiral  Ijones  continue  pmnaneutly  separate, 
though  confluent  ossification  ])rocceds  to  l)lend  the  occipital, 
parietal,  and  frontal  into  one  bone.  The  j»etrosn1  \<.  small,  its 
tentorial  ridge  or  angle  is  sharp,  and  its  cerebellar  fossa  very 
deep,  though  small :  a  branch  of  the  lateral  sinus  perforates  the 
petromastoid  and  the  adjoining  ]tart  of  the  temjKiral  to  open 
behind  the  root  of  the  zygoma:  the  mastoid  part  is  compressed 
and  abuts  against  the  outer  side  of  the  base  of  the  paroccipital. 
The  tympanic  is  a  simple  scoojv-shaped  bone,  or  half-cylinder,  cut 
obliquely.  The  j>alatine  process  ftf  the  prcmaxillary  is  very 
deeply  notched,  and  is  excavated  behind  the  outer  incisor. 

In  the  skull  of  the  mature  Wombat,  fig.  220,  the  exoccipitals 
were  still  unanchylosed  ;  the  left  is  figured  separate  at  3. 

In  the  skull  of  a  Perameles  nasuta  the  exoccipitals  are  sej^a- 
rated  by  an  interspace,  so  that  a  fissure  is  continued  from  the 
upper  part  of  the  foramen  magnum  to  the  superoccipital  element. 
The  same  structure  may  be  observed  in  the  Great  Kangaroo,  and 
It  is  very  remarkable  in  the  young  skulls  of  this  species.  In  the 
Wombat  the  corresponding  fissure  is  very  wide,  and  the  lower 
margin  of  the  superoccipital  is  notched,  so  that  the  shape  of  the 
foramen  magnum  somewhat  reeembies  that  of  the  trefoil  leaf. 
In  the  Opoeaum,  the  ezoccipitak  meet  above  and  complete 
the  foramen  magnum.  The  petrosal  and  mastoid  arc  commonly 
confluent.  So  loose  is  the  connection  of  the  tympanic,  that 
wltliout  due  care  it  is  liable  to  be  lost  in  preparing  the  skulls 
of  the  Marsupials.  In  the  Kangaroo  and  Wombat,  it  forms  a 
complete  bony  tube»  fig.  220,  28»  and  in  the  Potoroo  the  bony 
circle  is  incomplete  at  the  upper  part;  in  tlie  Terameles  and 
Dasyures  the  tympanic  bone  forms  a  semicircle,  the  posterior 
part  being  deficient,  and  the  tympanic  membrane  being  there 
attaclied  to  the  roastoid^as  in  Birds.  lu  the  Dasyures,  Petaurists, 
Perameles,  Potorooa,  and  Koala,  fig.  221,  6,  there  is  a  large  bulla 
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ossra  for  increasing  the  extent  of  the  auditory  cavity,  formed  by 
the  expansion  of  the  base  of  the  sphenoid.  In  Acrobates  and  Pera- 

,   meles  lagotis,  there  is  also  an 
220  external   dilatation  of  the 

I>etrosal,  fig.  222,  16,  which 
thus   forms  a  second  and 
smaller  bulla  on  each  ^ide, 
behind  the  large  bulla  ossea 
formed  by  the  alis]»henuid,6. 
In  other  Marsupials  the  pe- 
trous bone  is  of  small  size, 
generally    limitetl  to  the 
office  of  protecting  the  parts 
of  the  internal   ear,  and 
sometimes,  as  in  the  Koala, 
is  barely  visible  at  the  ex- 
terior of  the   base  of  the 
skull.    The  mastoid  portion 
a])pears  in  the  t>ccipital  re- 
gion  of  the  skull  of  the 
,    Koala,  fig.  221,  8,  between 
i)  the  cxoccipital  and  squa- 
mous portion  of  the  tempo- 
ral.    Ill  the  Wombat  the 
mast{)id  sends  outward  the 
strong  compresse<l  process, 
fig.  220,  8,  which  terminates 
the  lateral  boundaries  of  the 
occipital  plane  of  the  cra- 
nium ;  but  this  process 
entirely  due  to  the  exocci- 
r^^coiomv..  ritals  in  the  Koala,  fig.  221, 

4,  and  other  Marsupial?. 
The  audltorv  chamber  of  the  ear  is  augmented  in  the  Phalan- 
crer8,the  Koala,  the  Kangaroos,  and  Potoroo,  by  a  contmuat^.n 
of  air-cells  into  the  base  or  origin  of  the  zygomatic  process;  u 
the  extent  of  the  bony  air-c'liambers  communicating  with  t^ 
tympanum  is  proportionally  greatest  in  t^^^  ^  ^J'^?  ^I^^J 
.here,  besides 'the  si>hci.old  bulla,  the  mastoid  ^  f^f 
the  zygomatic  process  of  the  squamosal  are  expanded  to  fi»nn  air 
cells  with  very  thin  and  smooth  walls,  fig.  219. 

The  direction  of  the  b(my  canal  of  the  organ  of  hearing  corre- 
sponds  with  the  habits  of  the  species.    The  -  - 
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oiitwarJ  and  a  little  I'urvvurd  in  the  caruivorous  Dapyures;  out- 
ward and  a  little  backwanl  in  the  Peranielrs  an  i  1  Mialancrers ; 
outward,  hackwurd,  and  uj)\vard  iji  tlic  Kang;it()(t>,  and  directly 
outward  ill  the  Petaurists  and  \Vonil)at  ;  l»ut  the  differences  of 
direction  are  but  slightly  marked  in  these  timid  vej^etiirians. 

The  Kquamosal  generally  rca*  1h-.>  half-way  from  the  root  of  the 
2ygonui  to  the  sairittal  ridge  <>r  suture;  it  is  most  developed  in 
the  Wonil»ai,  m  which  its  superior  mai'giii  describes  a  remarkably 
straight  line.  The  /.ygnmatie  process  is  generally  compressefl 
and  much  extended  in  the  \ertical  direction  in  the  Oiwssum, 
Dasyure,  Phalangcr,  Koala,  fig.  221,  27,  and  Kangaroo.  In  the 
A\'ond)at  it  curves  outward  irom  the  side  oi'  the  head  in  the  form 
of  a  compressed  and  almost  horizontal  plate,  fig.  220,  27  :  it  is 
then  suddenly  twisted  into  the  vertical  [»usitit>n,  to  he  received 
into  the  notch  oi' the  malar  jM)rtioii  of  the  an^h,  ib.  2fi.  Tn  Macro- 
pn»  the  back  jtart  of  the  zvgnma  is  perforated  by  a  pneumatic 
toranien  which  receives  air  irom  the  tympanum. 

The  cavity  corresponding  to  the  sjihenoidal  bulla  ossea  in  other 
Marsupial**  is  in  this  species  excavated  in  the  lower  part  ^A'  the 
Bquamosal  at  the  inm-r  side  of  the  articular  sui'fac'e  tor  the  lower 
jaw.  Thi>  nrti«'ular  ^urlaee,  situated  at  the  base  of  the  zygomatic 
prtwe^-s,  |n  (  «  uts  in  the  marsupial  as  in  the  placental  .Mammalia 
various  iorms,  each  manifesting  a  physiological  rt  lation  to  the 
gfnu'ture  of  the  teeth  and  adapted  to  the  uMpiircd  inovement  of 
the  jaws  in  the  various  genera.  In  the  herbivorous  Kangaroo 
the  glenoid  cavity  fomis  a  broad  and  slightly  convex  surface,  as 
in  the  Ruminants,  affording  freed  la  of  rotation  to  the  lower  jaw 
in  every  clirection.  In  the  PhalatiLTcrs  and  Poton>os  the  articular 
eurface  is  quite  plane,  lii  the  Peramch  s  it  is  slightly  convex 
from  side  to  side,  and  concave  from  heliind  forward.  In  the 
A\  ombat  it  is  formeii  by  a  narrow  coua  cx  ridge  crmsidcrably  ex- 
tended, and  slightly  concave,  in  the  transverse  direction.  This 
ridge  is  not  l>onnded  bv  anv  descending  process  posteriorly,  so 
that  the  jaw  is  left  free  lor  the  movemeut.s  vi'  protraction  and  re- 
traction. In  the  Kcmla  the  glenoid  cavity  is  a  transversely  oblong 
depressicm  with  a  slight  convex  rising  at  the  bottom,  indicating 
rotatory  m<»vements  of  the  jaw.  In  tin'  carnivorous  Dasyures 
it  funuK  a  concavity  still  more  elongated  transversely,  less  deep 
than  in  the  placental  Carnivora,  but  adapted,  as  in  them,  to  a 
ginglymoid  motion  of  the  lower  jaw.  In  all  the  genera,  save  in 
the  Wombat,  retniictioii  of  the  lower  jaw  is  opposed  by  a  de- 
iccmding  procefli«  of  the  temporal  bone  immediately  anterior  tu  the 
meatua  auditorius  and  tympanic  bone. 
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The  irlenold  ca^^ty  presents  a  characteristic  structure  in  moH 
of  the  M;ir>u]'iali:i  in  not  heinj;  exclusively  fomied  by  the  sq* 
iiio>al.  With  the  exception  ot"  the  Petaurists,  the  mal^  boK 
form>  the  vmtcr  part  of  tlie  articular  surface  for  the  lower  jWi 
and  in  the  Tftyfocinus,  Dasi/urus  Maugei,  IJasi/urus  urftMSH* 
JVrainrIt s.  I/t/p>ipn/mtiiiSy  and  ^Marropus,  the  alisj»henoid  fijiW 
the  inner  K)unilury  of  the  same  surface.  In  the  KangtJW. 
Dasyun^.  Koala,  and  Wombat,  the  alisphenoid  articulates  with 
the  parietal,  but  hy  a  very  small  portion  in  the  two  latter  species: 

in  the  Pcnuncles  and  Po- 
toroos  the  alisjdienoid  doe 
not  reach  the  parietal. 

In  the  par  if  tills,  fi?.  221. 
7,  the  satrittal  suture  is  ol>- 
literated  in  those  ^|>eti^'^ 
in  which  a  b^Miy  trl^ta  b 
developed  in  the  oom'^ 
sponding  place.  Tlicv  jtre- 
sent  a  sinijularly  tlatteced 
fonu  in  the  \Vonil>at,  in  w 
a<2;ed  skull  f)f  whi<  l».  a: ; 
in  a  sinidar  one  in  the 
K  ra;;^rw.  I  observe  a  like  obliteration  of  the  suture.  In  the- 
K,-4ni:;»rvx\  IVtorxx^,  Petaunis,  Phalanger,  and  JNIvrniccolmi'- 
ihctx^  is  a  triauiiular  interjiarietal  l>one.  Tlu'  curredpouduig  b^^t 
1  lind  in  thnv  pitvt^  in  the  skull  of  a  Wond)at. 

The  &.'>\tt:Is,  ib.  ii,  are  cliietly  remarkable  for  their  antem^ 
<»\jv*n>iou  and  the  trroat  share  \vhich  tlu  y  take  in  the  fonnation 
»\t*  the  nasal  caNiiy.  In  the  Thylacine  the  part  of  the  cranium 
*HS*upiiNl  by  the  fronted  sinuses  exceeds  in  breadth  the  eertbi^ 
ea>ity»  tVvun  which  it  is  tiivided  bv  a  constriction.  'J'he  con»D4l 
sunuv  prt^scnts  in  nnvst  of  the  Marsupials  an  irrejrular  anj;«l4f 
iSMusc,  tbnnini:  a  notch  in  the  frontals  on  eaeh  side  which  receive? 
a  cxnj"x'^|Hnulini;  trianirular  proi'css  of  eaeli  jiarietal  bonf. 
juwess  iH»rri"S|H»iuiinu:  to  the  |>»>sterior  fn)ntal  au«;ments  the  l"»ny 
Kunubiry  of  the  orbit  in  the  Thylacine,  the  Ursine  Dasvurc.  a"^ 
in  a  slii^hter  de«;ree  in  the  Viririnian  0|M)ssura;  it  h  relativch 
uuvst  developtnl  in  the  >kull  t>f  the  Mifrmrcohtus  fasciatuiy  where 
the  orbit  is  lari^e ;  but  the  bonv  bonndarv  of  the  orbit  i>  '^"^ 
v\>u\plele  in  any  Marsupial.  In  the  M\nuecobius  there  i^  a 'le^T 
uv»leh  at  the  uuihlle  »>f  the  superor)>ital  ridjje.  A  cnrresp^ndin? 
but  shallower  nt>teh  is  present  in  the  skull  of  I\fourus  sciur^^'- 

X  iMv«>  fouuU  the  Iruutal  suture  obliterated  in  old  speoimeitf  ^ 
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the  Thylacine,  the  Virginian  (Jpo  hihi,  CooVr  Phalanrror,  tlie 
taguauoid,  and  yello^Y -bellied  Pctaui  i^i- ;  l)iit  the  IVonUl  suture 
exists  in  Petaurus  sciurcus,  Acrobntfn,  and  other  Marsupials. 
The  interorbital  space  is  concave  in  the  Phalanffcrs  and  in  the 
Petavrux  ffjfjyanm'fffs,  but  is  quite  flat  in  tlio  other  Petaurists. 

The  Jffrri/mals  vary  in  their  relative  si/o  in  ditterent  Marsupials. 
In  the  Koala,  fig.  221,  73,  they  extend  uj>on  the  face  about  a  line 
beyond  the  anterior  boundary  of  the  orbit,  and  at  this  ])art  they 
present  a  ^a  r!o\  e  ^nth  one  large  and  two  or  three  small  ]>orfnra- 
tions.  In  the  Wombat  their  extent  upf»n  the  face  is  slinjiitly 
increased;  it  is  ]»ro[)ortionally  greater  in  the  Kangaroos,  Potoroos, 
Phalangers,  and  Petaurists,  in  wliich  this  part  of  the  laei  ynial 
bone  presents  two  perforations  elose  to  the  orbit,  hi  the  Thyla- 
cine, besides  the  two  external  holes  there  is  a  larire  ped'oration 
within  the  orbital  margin.  This  carnivorous  Marsupial,  as  com- 
pared with  the  Wolf,  presents  a  ^i^reater  extent  of  the  facial 
portion  of  the  lacrymal  bone,  and  thus  indicates  its  inferior  type. 
In  the  Mi/nncrobius  the  laerynial  bone  exhibits  its  greatest  rela- 
tive developenient.  The  extraorbitnl  lacrymal  foramen  is  a  LCood 
marsu]>ial  eharaeter :  it  is  present  in  the  ThyUicoleOf  ^)xQXQ  it  i& 
single,      in  Dast/urus  ursinus. 

The  mtthirs,  figs.  220  and  221,  26,  are  very  strong  and  of  great 
extent  in  almost  all  the  ^Iarsu]>ialia.  They  are  least  developed 
in  Acrnhntes^  fig.  219,  I^ti/rwcrohius,  -aw}  Prrnmeha  Infjnfis.  In 
the  latter,  fig.  222,  the  malar  bone  |»resents  a  singular  form,  being 
bifurcate  at  both  extremities  :  the  prnrrssns  zj/qnmntinrs  maxiiia: 
superioris  is  wedged  into  the  cleft  of  the  anterior  fork  ;  the  cor- 
responding process  of  the  squamosal  fills  uj)  the  posterior  notch. 
The  anterior  bifurcation  of  the  malar  bone  is  not  present  in  the 
Marsupials  generally :  the  external  malo-maxillary  suture  forms 
an  oblique  and  almost  straight  line  in  the  Wombat,  Phalanger, 
Opossum,  Dasyures,  and  Kangaroo.  Owing  to  tlie  inferior  deve^ 
lo|H  inent  of  the  zyg(»Tnalic  process  of  the  superior  maxillary  in 
the  \\  uiubat,  the  utalar  bone  is  not  snspended  in  the  zygomatic 
arch  as  in  the  Kodeutia.  It  is  also  of  relatively  much  larger  size 
and  of  a  prismatic  form,  arising  from  the  dcvelopement  of  the 
oblique  external  ridge  above  described.  In  the  Kangaroos, 
l*otoroos,  Great  Petaurus,  and  Phalangers,  it  is  traversed  exter- 
nally by  a  ridge  showing  the  attachment  of  the  masseter,  of 
which  muscle  the  extent  of  origin  is  augmented  by  the  descending 
zygomatic  pro^e^s  of  the  maxillary ;  this  is  most  developed  in 
tlie  gigantic  fu«sil  A'otothere  and  Diprotodon. 

The  noMol  bone§  vary  in  their  form  and  relative  size  in  the 
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different  genera ;  they  are  longest  and  narrowest  in  the  Penmekfl, 
shortest  and  broadest  in  the  Koala,  %.  221,  Im.  Their  mostcJit- 
racteristic  structure  is  the  expansion  of  tlieir  upper  and  posterior 
extremity,  which  is  well  marked  in  the  Wombat^  Myrmecobius, 
PetauristSy  PhaUngers,  Opossums,  and  Dasyures.  In  the  Po- 
toroos  ihr  anterior  extremities  of  the  nasal  bones  conyerge  to 
a  point  which  projects  beyond  the  premaxillaries.  In  the  Feramekt 
lagotU  the  bony  case  of  the  nasal  passage  is  further  increased 
by  the  presence  of  two  small  rostral  bones,  resulting,  ss  in  tlie 
Hog,  from  ossification  of  the  nasal  cartilage. 

The  premaxillaries  always  contain  teeth,  and  the  ratio  of  the 
developement  of  these  bones  corresponds  with  the  bulk  of  the 
dental  apparatus  which  they  supporL  They  are  consequently 
largest  in  the  Wcnnbat,  where  they  extend  far  upon  the  side  of 
the  face  and  are  articulated  to  a  considerable  proportion  of  the 
nasals,  but  do  not,  as  in  Bodentia,  reach  the  frontal  or  divide  the 
maxillary  bone  from  the  nasal.  They  present  a  somewhat  lower 
degree  of  developement  in  the  Koala,  %•  221,  m,  bat  bodi  in 
this  species  and  in  the  Wombat  they  bulge  outward,  and  thm 
remarkably  increase  the  transverse  diameter  of  the  osseous  cavi^ 
of  the  nose.  In  Hypsiprymnus  and  Macropus  the  incisiTe  palatal 
foramina  are  chiefly  in  the  premaxillaries,  but  a  small  proportion 
of  their  bdny  circumference  is  due  to  the  anterior  extremity  of 
the  palatal  process  of  the  maxillary :  the  same  structure  ohtluDs 
in  the  Wombat,  Koala,  and  Opossums.  In  the  Dasyures  sad 
Phalangers  a  greater  proportion  of  the  posterior  boundary  of  ^ 
incisiye  foramina  is  formed  by  the  maxillaries ;  in  the  Petanriito 
they  are  entirely  surrounded  by  the  maxillary  bones,  while  in  the 
Perameles  they  are,  on  the  contrary,  entirely  included  in  the 
maxillaries.  They  always  present  the  form  of  two  longitudinsl 
fissures,  fig.  222,  a. 

The  maxillary,  fig.  221,  21,  in  the  Koala  and  Wombat  sends 
upward  a  long,  narrow,  irregular  nasal  process,  which  joins  the 
frontal  and  nasal  bones,  separating  them  from  the  premaxillaries. 
The  antorbital  foramen  does  not  present  any  marked  variety  of 
8120,  which  is  generally  moderate.  It  is  much  closer  to  the  orUt  in 
the  camiTorous  Marsupialia  than  in  the  corrc8i)onding  placental 
quadrupeds.  It  is  relatively  largest  in  the  Ursine  Dasyure.  It 
presents  the  form  of  a  yertical  oblique  fissure  in  the  Wombat  I 
have  observed  it  double  in  the  Kangaroo.  In  this  and  BOOie 
other  herbivorous  Marsupials  the  malar  process  of  the  niaxilltiy 
sends  down  a  process  for  incrcaising  the  power  and  size  of  the 
massetcr  luusclc. 
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In  Pli(tltintj'sfi!  Coithii,  in  Pctdiirns  Jiaviventer^  and  Pftrniriis 
sciurci/s,  in  Mat  i  ttpus  iimjur^  aiul  some  other  Great  Kaugarous, 
the  bony  palate  is  itf  ^roat  extent  and  presents  a  smooth  surface, 
concave  in  every  direction  toward  tlie  nu»uth ;  it  is  pierced  hy 
the  two  j)()sterior  ])alatine  foramina  at  tlie  anterior  external  angles 
of  the  ])alatine  hones,  either  within  or  close  to  the  transverse 
]Kd:it<v-maxillnry  sutures.  Behind  these  loramina,  in  the  Kan- 
garoo, tliere  are  a  few  small  irregular  iierforationf.  The  bony 
palate  is  similarly  entire  in  the  Hypaiprynuius  ursiinm.  In 
JSfacroptis  Beunettii  there  are  four  orifices  at  the  posterior  part  of 
the  hony  palate.  The  two  anterior  ones  are  situated  iij)  )!!  the 
palato-maxillary  suture,  and  are  of  an  ovate  form  with  the  small 
end  forwanl.  The  two  posterior  foramina  are  of  a  less  reirnlar 
form  and  smaller  !5ize.  Tn  the  Bru<]i  Ivn  nuaroo  (  ^fffrrop^^s  Brn/iil, 
C'nv.)  the  posterior  palatal  f'»ramina  jiresent  the  tonn  of  two  large 
fissures  placed  obliquely  an<i  converging  posteriorly.  They  en- 
croach upon  the  po<«terl(»r  borders  ot"  the  maxillarv  plate.  Anterior 
to  these  vacancies  there  arc  twn  <innller  foramiua,  aud  posterior 
to  them  are  one  or  two  similar  loramina. 

In  tin'  Potoroos,  ^^'ombat,  and  Koala,  the  j>osterior  palatal 
openings  are  large  and  oval,  and  situated  entirely  in  the  palatal 
bones.  in  lJi/])s.  .s(  tosus  they  extend  as  far  forward  as  the  inter- 
space between  the  first  and  sec^>nd  true  molars;  in  IIi/ps,  murinux 
they  reach  to  that  between  the  second  and  third  true  molars: 
jx)sterior  and  external  to  these  large  vacultl<'s  there  are  two  small 
perforations.  In  the  Phalangers,  with  the  exce])tion  of  Pit. 
Cuokii^xhc  palatal  openings  are  proportionally  larger;  they  ex- 
tend into  the  palatal  process  of  the  maxillaries,  and  the  thin 
l)ridge  of  hone  which  divides  the  o]»enings  in  tlie  Potoroo,  &c.,  is 
wanting;  the  two  perforations  at  the  posterior  external  angles  of 
the  palatine  bones  are  also  present.  In  the  Virginian  Oi)ossum 
the  bt>ny  palate  presents  eight  distinct  j>erforations,  besides  the 
incisive  foramina;  the  palatal  processes  of  the  palatine  bone 
extend  as  far  forward  in  the  median  line  as  the  thinl  molars :  a 
long  and  narrow  fissure  extends  for  an  equal  distance  (three  lines) 
into  the  palatal  processes  both  of  the  palatines  and  maxillaries : 
behind  these  fissures  and  nearer  the  me(iian  line  are  two  smaller 
oblong  fiMuires;  external  and  a  little  posterior  to  these  are  two 
similar  fiisures,  situated  in  the  palato-maxiUary  suture ;  lastly, 
there  are  two  round  pcdbrations  close  to  the  posterior  margin  of 
the  l>ony  palate. 

In  tlie  Ursine  Dasyure  a  large  transversely  oblong  aperture  is 
situated  at  the  posterior  part  of  the  palatal  processes  of  the 
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maxillary  bones^  and  encroaches  a  little  upon  the  fMiiatmes.  Id 
Mange's  DasTure  there  are  two  large  ovate  apertures  crniwng 

the  palato-mazillarjr  sutures 
paratecl  from  each  other  bj  a 
broad  plate  of  bone  ;  posterior  t» 
these  are  two  apertures  of  fdmilar 
size  and  form,  which,  IxMni:^ 
ated  nearer  the  mesial  line, 
di^nded  by  a  narrower  tmm 
bridge;  each  posterior  external 
angle  of  tlie  bony  palate  is  akv 
perforateil  by  an  nvnl  apoture. 
In  the  YiTerrine  LHusyure  the 
two  Yacandes  which  cross  xht 
palato-maxillnry  siifiire  sre  antW 
form  of  longitudinal  fissures,  r»>r- 
responding  to  the  fourth  and  6ftk 
grinders;  the  posterior  mai]gin 
the  bony  palate  has  four  ■nail 
apertures  on  the  same  trsDSTcne 
line. 

Since  the  defective  oonditioB 
of  this  f»art  of  the  cranium  is  one 
of  the  characteristics  of  the  aksll 
of  the  Bird,  it  might  be  ex- 
pected that  some  approztmstias 
would  be  made  to  that  structure 
in  the  animals  which  form  the 
transition  between  the  Placental 
and  Oviparous  Vertehmtea.  We 
have  already  noticed  the  laige  vacuities  which  occur  in  the  bosnr 
palate  of  nearly  all  the  Marsupials ;  but  this  imperfectly  osaififd 
condition  is  most  remarkable  in  the  PerameUa  UtgottM^  in  which, 
fig,  222,  the  bony  roof  of  the  mouth  is  perforated  by  a  wide  oval 
space  extending  from  the  second  premolars  to  the  penuhimaiie 
molars,  exposing  to  view  the  vomer  and  the  convolutiona  of  the 
inferior  spongy  bones  in  the  nasal  cavity.  The  pterygoida*  lig. 
220,  S4,  long  maintain  their  individuality ;  and  repeat  the  connee- 
tions  they  present  in  Birds. 

The  parietes  of  the  cranial  cavity  are  remarkable  for  their 
thickness  in  some  of  the  Marsupial  genera.  In  the  Womhst  the 
two  tables  of  the  parietal  bones  are  separated  posteriorly  lor  the 
extent  of  more  than  half  an  inch^  the  interspace  being  filled  with 
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a  coarse  cellular  diploe  ;  the  frontal  hones  arc  aUout  two  and  a 
hall*  lines  thick.    In  the  Ursine  Dasyure  the  cranial  hones  have 
a  similar  texture  and  relative  thickness.    In  the  Koala  the  tex- 
ture of  the  cranial  hones  is  denser,  and  their  thickness  varies  from 
two  lines  to  half  a  line.     In  the  Kangaroo  the  thickness  varies 
c«)n8idcrahly  in  different  parts  of  the  skull,  but  the  parictes  are 
generally  so  thin  as  to  be  diaphanous,  which  is  the  case  with  the 
smaller  Marsupials,  as  the  Potoroos  and  Petaurists.    Tlie  union 
of  the  body  of  the  second  with  that  of  the  third  cranial  vertebra 
takes  place  in  the  marsupial  as  in  the  placental  Mammalia  at  the 
sella  turcica,  which  is  overarched  by  the  backward  extensicm  of 
the  orbitosphenoids.    The  optic  foramina  and  the  fissurai  laceraj 
anteriores  are  all  blended  together,  so  that  a  wide  opening  leads 
outward  from  each  aide  of  the  sella.    Immediately  posterior  and 
external  to  this  opening  are  the  foramina  rotunda,  from  each  of 
which  in  the  Kangaroo  a  remarkable  groove  leads  to  the  fossa 
Gaaseriaiia  at  the  commencement  of  the  foramen  ovale ;  the  same 
grooye  is  indicated  in  a  slight  degree  in  the  Dasyures  and  Pha- 
langere^  but  is  almost  obsolete  in  the  Wombat  and  Koala.  The 
entocarotid  canals  pierce  the  basi8[)henoid,  as  in  Birds,  and  ter- 
minate in  the  crannl  cavity  very  close  together  behind  the  sella 
turcica,  which  is  not  bounded  by  a  posterior  clinoid  process.  The 
sphenoidal  bulla,  whi(  h  forms  the  chief  part  of  the  tympanic 
cavity  in  the  Pmnneks  lagoti»y  forms  a  large  convex  protuberance 
on  each  side  of  the  floor  of  the  cranial  cavity  in  that  spedes. 
The  [)ctro8al  in  the  Kangaroo,  Koala,  and  Phalangers,  is  im- 
pressed above  the  meatus  auditorius  by  a  deep,  smooth,  round 
pit,  which  lodges  the  lateral  appendage  of  the  cerebellum,  as  in 
Birds.     The  corresponding  pit  is  shallower  in  the  Dasyuri,  and 
is  almost  obsolete  in  the  Wombat.    The  middle  and  posterior 
touTO  lacene  have  the  usual  relative  |)osition,  but  the  latter  are 
small.    The  condyles  are  each  perforated  anteriorly  by  two  fora- 
mina in  most  of  the  Marsupials,  th(>  Thylacinus  forming  the  ex- 
ception and  showing  only  one.    The  foramen  magnum  is  of  great 
size  in  reUtion  to  tiie  capacity  of  the  cranium ;  the  aspect  of  its 
plane  is  backward  and  slightly  downward.    A  venous  canal  leads 
from  the  lateral  sinus  between  the  upper  part  of  the  petrosal  and 
the  squamosal,  and  perforates  the  latter  behind  or  above  the  root 
of  the  zygoma. 

In  the  Kangaroo  and  Phalanger  a  thin  ridge  of  bone  extends 
for  the  distance  of  one  or  two  lines  into  the  periphery  of  the 
tentorial  process  of  the  dura  mater,  and  two  sharp  spines  arc  sent 
down  into  it  from  the  upper  part  of  the  cranium  in  the  Phalanx 
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yistn  rnlpina.  The  tentorium  is  supported  by  a  thick  ridge  of 
bone  in  the  Thylarine ;  but  it  is  not  romplctely  ossified  in  nny  f»f 
the  Marsupials :  in  some  species,  indeed,  as  the  Dasyures,  the 
Koala,  and  the  Wombat,  the  bony  crista  above  dcscnbed  does  n«ii 
exist.  11irre  is  no  ossification  of  the  falcifonii  ligaioent  as  iu  the 
Ornithorliynclius. 

The  rhineneqihalic  division  of  tlie  cranial  cavity  is  well  detiued 
from  the  prosencephalic one.  It  is  relatively  s!ii:L]lo-^t  in  the  Koala. 
In  all  Marsupials  it  is  bounded  anteriorly  by  the  enhrifomi  j»late, 
which  is  converted  into  an  osseous  reticulation  by  the  imniber 
and  size  of  the  olfactory  apertures.  The  cavity  of  the  nose, 
from  ita  great  size  and  the  complication  of  the  turbinal  bone?, 
forms  an  important  part  of  the  skull.  It  is  divided  by  a  complete 
bony  septum  to  within  one-fourth  of  the  anterior  aperture ;  the 
anterior  margin  of  the  septum  is  slightly  concave  in  the  Koala; 
describes  a  slight  convex  line  in  the  Wombat,  Kangaroo,  and 
Phaiaoger,  and  a  sigmoid  flexure  in  the  Dasynrc.  A  longitudiiiai 
ridge  projects  downward  from  the  inside  of  each  of  the  nasal 
bones,  and  is  continued  posteriorly  into  the  superior  tiirbinai; 
this  bone  extends  into  the  dilated  space  anterior  to  the  cranisl 
cavity,  which  corref*ix)nd8  with  the  frontal  sinuses.  The  convo- 
lutions of  the  middle  turbinal  arc  extended  chiefly  in  the  axis  of 
the  skull ;  the  processes  of  the  anterior  turbinal  are  arranged 
obliquely  from  below  upward  and  forward.  The  nasal  cax-ity 
communicates  freely  with  laige  maxillary  sinuses^  and  finally 
terminates  by  wide  i^rtures  behind  the  bony  palate.  In  ih» 
skull  the  nasal  cavity  communicates  with  the  mouth,  as  before 
mentioned,  by  means  of  the  various  large  vacuities  in  the  palatal 
processes. 

In  the  carnivorous  Marsupials,  m  the  Thylacine,  the  lower 
maxillary  bone  resembles  in  general  form  that  of  tlie  correspond- 
ing species  in  the  placental  series,  as  the  Dog :  a  similar  transverse 
condyle  is  placed  low  down  near  the  angle  of  the  jaw,  on  a  levd 
with  the  scries  of  molar  teeth  ;  a  broad  and  strong  coronoid  pro- 
cess rises  high  above  the  condyle,  and  is  sUgfatly  curved  back- 
ward ;  there  is  the  same  well-marked  depression  on  the  exterior 
of  the  sscending  ramus  for  the  firm  implantation  of  the  temporal 
muscle,  and  the  lower  boundary  of  this  depression  is  formed  by  a 
strong  ridge  extended  downward  and  forward  from  the  outside  of 
the  condyle.  But  in  the  Dog  and  other  placental  Camivara  (some 
Seals  excepted),  a  process,  representing  the  angle  of  the  jaw, 
extends  directly  backward  from  the  middle  of  &e  above  ridge, 
which  process  gives  precision  and  force  to  the  artioulation  of  Sie 
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jaw,  and  increases  the  power  by  which  the  masseter  acts  upon  the 
jaw.    Now,  although  the  same  curved  ridge  of  bone  bounds  the 
lower  part  of  the  external  muscular  depression  of  the  ascending 
ramus  in  all  the  Marsupials,  it  does  not  in  any  of  them  send 
backward,  or  in  any  other  direction,  a  process  corresponding  to 
that  just  described  in  the  Dog.    The  angle  of  the  jaw  itself^ 
in  the  Marsupials,  is  as  if  it  were  bent  inward  in  the  form  of 
a  process,  encroaching  in  various  shapes  and  various  degrees  of 
developcment  in  the  different  genera  upon  the  interspace  of  the 
rami  of  the  lower  jaw.    On  looking  directly  upon  the  lower 
margin  of  the  jaw,  we  see,  therefore,  in  place  of  the  margin  of 
a  veittcal  plate  of  bone,  a  more  or  less  flattened  triangular  sur- 
face extended  between  the  external  ridge,  and  the  internal  pro- 
cess or  inflected  angle.    In  the  Opossums  the  intemnl  angular 
process  is  triangular  and  trihedral,  directed  inward^  with  the 
point  slightly  curved  upward,  and  more  produced  in  the  small 
than  in  the  large  species.    In  the  Dasyures  it  haa  a  similar  form^ 
but  the  apex  is  extended  into  an  obtuse  process.    In  the  Thy- 
lacine  the  base  of  the  inverted  angle  is  proportionailj  more 
extended,  and  a  similar  structure  is  presented  by  the  fi>ssU  Phaa- 
colothere.    In  the  Ferameles  the  angle  of  the  jaw  forms  a  still 
longer  process;  it  is  of  a  flattened  form  extended 
obliquely  inward  and  backward  and  slightly  curved 
upward.    It  presents  a  triangular,  slightly  incurved, 
and  pointed  form  in  the  Petaurists,  in  which  it  is  longest 
and  weakest  In  the  pigmy  species  {Aerobaiei^  Desm.). 
It  is  shorter  and  stronger  in  the  Myrmeeobius,  fig. 
223,  a.    In  the  Potoroos  and  Phalangers  the  process 
is  broad  with  the  apex  slightly  developed  ;  it  is  bent 
inward  and  bounds  the  lower  part  of  a  wide  and 
deep  depression  in  the  inside  of  the  ascending  ramus. 
In  the  Great  Kangaroo  the  internal  margin  of  this 
process  is  turned  upward,  so  as  to  augment  the  depth 
of  the  internal  depresnon  above  mentioned.    The  in- 
ternal angular  process  arrives  at  its  maximum  of  de- 
velopement  in  the  Wombat,  fig.  220,  a,  and  the  breadth 
of  the  base  of  the  ascending  ramus  very  nearly  equals 
the  height  of  the  same  part.   In  the  Koala  the  sise  of  the  process 
in  questioii  is  also  considerable,  but  it  is  compressed,  and  directed 
bukward  with  the  obtuse  apex  only  bending  inward,  so  that  the 
characteristic  flattening  of  the  base  of  the  ascending  ramus  is  least 
marked  in  this  species.  There  is  no  depression  on  the  inner  side  of 
the  ramus  of  the  jaw  in  the  Koala,  but  its  smooth  surface  is  simply 
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jjit  rced  near  its  middle  by  the  dental  nerve  and  artery.  The 
surfjico  of  the  external  muscular  depression  bounded  below  hy  a 
broad  angular  ridj^e,  as  alcove  dcfjcribed,  is  entire  In  the  Dasyures, 
Opf^ssums.  Bandicoots,  Petaurists,  and  Phaian^ers;  but  in  the 
Wombat  the  outer  surface  of  the  aseendinjj  rajuus  is  directly 
perforated  by  a  round  aperture  immediately  jK>sterior  to  the  com- 
mencement of  the  dental  canal :  *  the  corresj)onding  aperture  is 
ci  larger  size  in  the  KaDgaroo.  But  in  the  Potorooa  both  the 
external  and  internal  dq[>reMioii8  of  the  aAcending  ramus  lead 
to  wide  canals,  or  continuatioDS  of  the  wide  depresflioiiB  which 
pass  forw  ard  into  the  substance  of  the  horizontal  ramus,  and  Boon 
uniting  into  one  passage,  leave  a  Tacant  space  in  the  interrcning 
bony  septum. 

In  the  Thylacine,  Ursine  Dasyure,  and  the  allied  fossil  caini- 
Tores  called  Fhascolothere,  ThjhMSoleoi  and  Plagianlaz,*  tlie  con- 
dyle of  the  lower  jaw  is  placed  low  down,  on  a  level  with  die 
molar  series :  it  is  raised  a  little  above  that  level  in  the  smaller 
Dasyures  and  Opossums,  and  ascends  in  proportion  to  the  vege> 
table  diet  of  the  species. 

In  all  those  Marsupials  which  have  few  or  very  small  incison 
the  horizontal  rami  of  the  jaw  conveige  toward  a  point  at  the 
symphysis.  The  angle  of  conveigence  is  most  open  in  the 
Wombat,  in  which  the  symphysis  is  longest.  The  suture  be- 
comes obliterated  in  aged  individuals.  In  other  Mar.-njiiaU,  the 
rami  of  the  lower  jaw  are  less  firmly  united  at  the  symphysis: 
they  permit  independent  movements  of  the  right  and  left  in- 
cisors in  the  Kangaroos:  and  in  the  Opossum,  botli  the  rami 
of  the  lower  jaw  and  all  the  bones  of  the  face  are  remarkaible 
fur  the  loose  nature  of  their  councctions. 

C.  JBonfft  of  the  Limhft. — The  scapnia  varies  in  foi  iti  in  the 
diftbreut  Marsnpials.  In  the  Petaurists  it  is  a  scalene  triaufrle. 
with  the  glenoid  cavity  at  the  coiivergeuee  of  the  two  loiiirf^t 
sides.  In  the  Wombat,  fig.  212,  5i,  it  presents  an  oblong  qiin- 
drate  figure,  the  neck  being  produced  from  the  lower  hall*  ol 
the  anterior  margin,  and  the  onter  surface  being  traversed  diago- 
nally by  the  spine,  which  in  this  species  gradually  rises  to  a  Aill 
inch  above  the  plane  of  the  scapula,  and  terminates  in  a  long 
narrow  compressed  acromion  arching  over  the  neck  to  reach  the 
clavicle. 

In  the  Koala  (fig.  224),  the  superior  oosta  does  not  run  parallel 

'  A  brisrlc  is  rc  prcscnU'd  pAssing  through  thlt  ^fiertare  in  lig.  StO. 
*  ZVU'.pp.  341,  353,  fig*.  113, 119,  173. 
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with  the  inferior,  a,  rf,  but  recedes  from  it  as  it  advances  forward, 
and  then  passes  down,  forming  an  obtuse  angle,  c,  and  with  a  gentle 
concave  curvature,  to  the  neck  of  the  scapula ;  a  small  process  ex- 
tends from  the  middle  of  this  curvature. 
In  the  Potoroo,  the  upper  costa  is  at  first 
parallel  with  the  lower,  but  this  parallel 
jjart  is  much  shorter ;  the  remainder  de- 
scribes a  sigmoid  flexure  as  it  approaches 
the  neck  of  the  scapula.  In  the  Great  Kan- 
garoo, the  Perameles,  Phalangers,  Ojws- 
sums,  and  Dasyures,  the  whole  ujtpcr  costa 
of  the  scapula  describes  a  sigmoid  curve, 
the  convex  posterior  position  of  which  varies 
as  to  its  degree  and  extent.    The  sub- 
scapular surface  is  remarkable  in  the  Pera- 
meles for  its  flatness,  but  presents  a  shal-       scapuuof  kwo.. 
low  groove  near  the  inferior  costa.  In 
most  other  Manni|naLi  it  is  more  or  less  convex  or  undulating. 

In  the  Kangaroos,  fig.  211,  the  supraspinal  fossa  is  of  less  ex- 
tent than  the  space  helow  the  spine,  and  the  spine  is  inclined 
upward.  In  the  Perameles  and  Dasyures  the  pro|)ortion8  of  the 
supra-  and  infra-spinal  sui&oes  are  reversed,  and  tike  whole  spine 
is  hent  downward  over  the  infraspinal  surface.  In  the  Potoroos 
and  Phalangers  the  acromion  is  hent  downward  so  as  to  pre- 
sent a  flattened  surface  to  the  observer;  in  the  Potoroos  and 
Opossums  this  appearance  is  produced  by  a  true  expansion  of  the 
acromion.  In  the  Perameles  the  ooraooid  process  is  merely  re- 
presented by  a  slight  jiroduction  of  the  superior  part  of  the 
glenoid  cavity.  In  the  Kangaroo  and  Potoroo  it  forms  a  protu- 
berance on  Ihe  upper  part  o£  the  head  of  the  scapula.  In  the 
other  Marsupials  it  assumes  the  diaracter  of  a  distinct  process 
firum  the  same  part,  and  attains  its  greatest  developement  in  the 
Wombat  and  Koala,  in  the  latter  of  which  it  is  forcibly  curved 
downward  and  inward,  fig.  224,  o. 

The  elameU$  are  present  in  all  the  Marsupials,  with  the  ex- 
ception of  the  genus  PgrameUt  and  probably  also  the  Charopus, 
In  the  claviculate  Marsupials  they  are  relatively  strongest  and 
longest  in  the  burrowing  Womhat,  weakest  and  shortest  in  the 
Great  Kangaroo.  In  the  latter  they  are  simply  curved  with  the 
convexity  forward,  and  measure  only  two  inches  in  length.  In 
the  Wombat  they  are  upwards  of  three  inches  in  length,  and 
have  a  double  curvature ;  they  are  expanded  and  obliquely  trun- 
cate at  the  sternal  extremity,  where  the  articular  surface  presents 
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II  remnrhxhly  deep  notch  :  they  become  coinpref»se<l  as  ilicy  ^*' 
proiu  ii  tlic  acromion,  to  which  they  are  attached  by  an  exteuded 
narrow  articular  surluce. 

Til  the  Koala  the  clavicles  arc  also  very  stronsr,  l)ut  more  am- 
pressed  than  in  the  Wonihat,  hent  outward  in  their  whole  e\lri\t. 
and  the  convex  mar<i:in  tnrnied,  not  by  a  continuous  curve,  but 
by  three  almost  straight  lines,  with  intervening  angles;  pnMrrei- 
Bively  diminishing  in  extent  to  the  outermost  line  which  tunn- 
the  articular  surface  with  the  acromion.  In  the  ^ly rnieeul.ius 
the  clavicles  are  f^nbcompre^^ed  and  more  curved  at  the  acromial 
than  at  the  sternal  end.  In  most  t>f  the  other  Mareupials  the 
clavicle  is  a  simple  compressed  elongated  bone,  with  one  general 
outward  curvature. 

The  hunirrKx  in  ni(»^t  I  ):i^yures  reseTnl  Us  that  of  the  Dog-tribe 
in  the  imperforate  eontlitiun  ui  the  inner  condyle,  but  differ- in 
the  more  marked  developenient  of  tlie  museular  ridges,  c«]io<  iiilly 
of  that  which  extends  upward  from  the  outer  condyle  for  ilu  .>ri-^n 
■  of  the  i^rpat  supinator  nmscle.  This  ridge  is  terminatetl  abruptly 
by  the  shi  m  th  tract  for  the  passage  of  the  musculo-spiral  ncrvi". 

In  all  the  other  genera  of  Marsupials  that  I  have  exauuiievi  iln 
internal  condvle  of  the  humerus  is  perforated.     But  in  S4«ne 
bpe»M('s  of  /\(auruSf  as  Petaurus  sriureus,  the  foramen  is  rejire- 
Bcntrl  l)v  a  (h-ei)  notch;  and  in  the  Phalanfjista  Cookii^  \i*Ah 
foramen  and  notch  are  wanting.'    The  ridge  above  the  externa, 
condyle  is  nuieh  (leveloj»e<l  in  the /V/awr?f 5  lunmirus  and  sciurrus, 
and  notche<l  at  its  upi>cr  part,  hut  this  notch  dues  not  exi>t  in 
Pet.  faf/H(inoi(irs.    I  find  similar  ditlerences  in  the  devcloptincnt 
of  the  supinator,  or  outer  ridge,  in  the  genus  Permm  lts  :  in  thr 
Per.  lai/otis  it  is  lutuiuled  al)<»ve  by  a  groove;  in  I\r.  Guuuu  il  i-^ 
less  developed  and  less  defined     In  tlie  KunganK>s,  PotonRi-', 
Wombat,  and  Koala  (fig.  22'>),  th(!  outer  condyloid  ridge  ex- 
tends in  the  form  of  a  luKiked  process  above  the  groove  of  the 
radial  nerve.    In  all  these,  and  especially  in  the  Wombat,  \hf 
deltoid  process  of  the  humerus,  fig.  212,  y\,  is  strongly  dcvdope*!  ; 
it  is  continued  trom  the  external  tuberosity  down  the  upj>er  hitlf 
of  the  humerus ;  except  in  tlie  Petaurists,  where,  fn)m  the  grcai  vr 
relative  length  of  the  humerus,  it  is  limitc<l  to  the  upper  thinL 
The  inters]>aee  of  the  condvles  is  oce;isiunuliy  pi-rfuratetl.  a»  in 
the  J'eranir/f  s  /of/ods  and  Wombat.    The  articular  surtai  •  -  ut 
both  extremities  of  the  humerus  have  the  usual  form;  but  it  makj 

•  In  the  Otlifr  s]vci«»«  of  Phithtnijista,        in  tltt*  Pefntirux  tnanamvidrs  and  mamLr*^ 
tbo  internal  condjlc  of  ihc  humerus  is  pertonitcd.    in  a  Thviociue  I  fooad  ix 
forated  ;  and  in  on«  Ilitine  IXufiiro  in  die  left  bnncnis,  bat  aoc  io  tlie  f^^i^ 


SKBLBTON  OF  MABSUPIALIA.  353 

be  observed  in  some  Marsupials,  as  the  Koala,  that  at  the  distal 
artioulation  the  eztemal  convexity  for  the  radius  has  a  greater 
relative  extent  than  nsoal,  and  the  ulnar  concavity 
is  less  deep. 

The  bones  of  the  fore-arm  are  always  distinct  and 
well  developed,  and  thdr  adaptation  to  pronation 
and  supination  is  complete.  The  prehensile  faculty 
and  unguiculate  structure  of  the  anterior  extre- 
mities appear  to  have  been  indispensable  to  ani- 
mals where  various  manipulations  were  required  in 
the  economy  of  the  marsupial  pouch.  When, 
therefore,  such  an  animal  b  destined  like  the  rumi- 
nant to  range  the  wilderness  in  quest  of  pasturage, 
the  requisite  powers  of  the  anterior  members  are 
retained  and  secured  to  it,  as  has  been  already 
observed,  by  an  enormous  developement  of  the 
hinder  extremities,  to  which  the  function  of  loco- 
motion is  restricted. 

We  find,  therefore,  that  the  bones  of  the  fore-  """^'^f 
arm  of  the  Kangaroo  differ  littie  from  those  of  the 
burrowing  Wombat,  the  climbing  Koala,  or  the  carnivorous 
Dasyure,  save  in  relative  sise.  They  present  the  greatest  pn)()or- 
tional  strength  in  the  Wombat,  and  the  greatest  proportional 
length  and  dendemess  in  the  Petaurists  or  Flying  0|)06sums, 
in  which  the  radius  and  ulna  are  in  dose  contact  through  a  great 
portion  of  their  extent,  and  thus  lend  a  firmer  support  to  the 
outstretched  dermal  parachute.  They  are  also  long  and  slender 
in  the  Koala.  In  general  the  radius  and  ulna  run  nearly  parallel, 
and  the  interosseous  space  is  very  trifling.  It  is  widest  in  the 
Potoroos.  The  olecranon  is  well  developed  in  all  the  Marsupials. 
In  the  Virginian  Opossum  and  Petaurists  we  find  it  more  bent 
forward  upon  the  rest  of  the  ulna,  than  in  the  other  Marsupials. 
In  the  Wombat,  where  the  acromion  is  the  strongest,  and  rises  an 
inch  and  a  half  above  the  articular  cavity  of  the  ulna,  it  is  ex- 
tended in  the  axis  of  the  bone.  The  distal  end  of  the  radius  in 
this  animal  is  articulated  to  a  bone  representing  the  os  scaphoides 
and  OS  lunare. 

The  ulna,  which  in  the  same  animal  converges  toward  a  point 
at  its  cUstal  end,  has  that  point  received  in  a  depression  formed  by 
the  euneifonn  and  pisiform  bones ;  these  are  bound  together  by 
strong  ligaments,  and  the  pisiform  then  extends  downward  and 
backward  for  two-thirds  of  an  inch.  The  second  row  of  the 
carpus  consists  of  five  bones.   The  trapezium  supports  the  inner 
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digit,  and  has  a  small  $«esamoid  boiie  articulated  to  its  radial 
surf'nop.    Tl»e  trupezoides  is  articulated  to  tlie  index  digit,  m\  is 
wedged  between  the  scapholiinar  bone  and  os  ma^miin ;  tiiii 
forms  an  oblique  articular  snrfarp  for  the  middle  di<xit ;  but  th« 
larfjcst  of  the  second  series  ot  carpal  bones  U  the  cuneil'orm.  which 
Bends  downward  an  obtuse  rounded  process,  and  receives  the 
articular  surface  of  the  fifth,  and  the  outer  half  of  that  of  the 
fourth  digit,  the  remainder  of  which  abuts  against  the  oblique 
proxiiiial  extremity  of  the  middle  metatarsal  bone.    The  fire 
metacarpal  bones  m  all  thick  aod  abort,  but  chiefly  bo  ikt 
outermost.    The  innermost  digit,  or  poliez,  has  two  phalanges, 
the  remainder  three;  the  imgiud  phalanx  of  all  the  digits  is 
conical^  curved,  convex  above,  expanded  at  the  haae,  and  sm^ 
at  the  opposite  extremity.  In  the  Perameles  the  ungual  phabnx 
of  the  three  middle  digits  of  the  hand,  and  of  the  two  outer  ^ti 
of  the  foot,  are  split  at  the  extremity  by  a  longitudinal  fusoit 
commencing  at  the  upper  part  of  the  base.  This  structure,  wtidi 
characterises  the  ungual  phalanges  in  the  placental  Anteaten, 
has  not  been  hitherto  met  with  in  other  Marsupial  genera.^  Ike 
terminal  phalanges  of  the  Koala  are  large,  much  compreflsed 
and  curved ;  the  concave  articular  surface  is  not  ntuated,  ii 
in  the  Cats,  on  the  lower  part  of  the  proximal  end,  bat,  ai 
in  tiie  Sloths,  at  the  upper.   The  claws  which  they  support  m 
long. 

In  the  Great  Kangaroo  the  first  row  of  the  carpus  is  composed, 
as  iu  tlie  Wombat,  of  three  bones,  but  the  a[)ex  of  the  ulna 
rotates  in  a  cavity  formed  exclusively  by  the  cunciforme.  There 
are  four  bones  in  the  second  row;  of  which  the  unciform  is  by  far 
the  largest,  and  sup[)orts  a  part  of  the  middle,  as  well  as  the  two 
outer  digits.  In  the  Potuiuos  I  find  but  three  l)ones  in  the  distal 
series  of  the  cai  pus,  tlie  trapezoides  being  uaiUing,  and  its  jthitt 
in  one  species  being  oeeupied  by  the  j)roximal  end  of  tlie  seci'Qii 
metacarpal  bone,  w  hich  articulates  \nth  the  on  magnum.  In  the 
Perameles  there  are  four  bones  in  the  second  carpal  row,  ahhou^ili 
the  hand  is  less  perfect  in  this  than  in  any  other  Marsupial 
genus,  Chmropus  excepted,  the  three  middle  toes  only  being  lullv 
developed.  In  the  Petaurus  the  carpus  is  chiefly  remarkable  for 
the  length  of  the  pisiforme. 

It  would  be  tedious  to  dwell  on  the  minor  differences  observable 
in  the  bony  structure  of  the  hand  in  other  Marsupials.  I  shall 
therefore  only  observe  that  though  the  inner  digit  is  not  aituatai 

^  It  would  be  instmctWe  to  examin«  the  ekeleton  of  tbe  nre  Ckttnfuui  «iA 
referenee  to  this  ftraetiire. 
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like  a  thumb,  all  the  fingers  enjoj  lateral  motion,  end  that 
those  at  the  outer  can  be  opposed  to  thoee  at  the  inner  side  so 
as  to  grasp  an  object  and  {Hoform,  in  a  secondary  degree,  the 
ftmotion  of  a  hand.  In  the  Koala  the  two  inner  digits  are  more 
deoidedl)'  (»ppo8ed  to  the  three  outer  ones  than  in  any  other 
climbing  Mu^upiaL  But  some  of  the  Phalangers,  as  the  PL 
CookH  and  Pk,  gliriformU  of  Bell,  present  in  a  slighter  degree 
the  same  disposition  of  the  fingers,  by  which  two  out  of  the  five 
have  the  opposable  properties  of  a  thumb.  I  have  observed  a 
similar  disposition  of  the  digits  in  the  act  of  climbing  in  the 
Dormouse,  and  it  probably  is  not  uncommon  in  other  placental 
Mammalia  of  similar  habits  and  which  have  long,  slender,  and 
freely  moveable  fingers.  As  a  permanent  disposition  of  the  digits, 
the  opposition  of  three  to  two  is  most  conspicuous  in  the  prehensile 
extremities  of  the  Chameleon. 

The  pelvis,  figs.  152, 226,  227,  in  the  mature  Marsupials  is 
composed  of  the  os  sacrum,  the  two  ossa  innominata,  and  the 
characteristic  supplemental  bones,  attached  to  the  pubis,  called 
by  Tyson  the  Oisa  marsupiaUa  or  Janiiores  MarMupii,  m. 

We  seek  in  vain  for  any  relationship  between  the  size  of  the 
pelvis  and  that  of  the  new-bom  young,  the  minuteness  of  which 
is  so  characteristic  of  the  present  tribe  of  animals.  The  diameters 
both  of  the  area  and  apertures  of  the  pelvic  canal  are  always  con- 
siderable, but  more  especially  so  in  those  Marsupialia  which  have 
the  hinder  extremities  disproportionately  large;  as  also  in  the 
Wombaty  where  the  pelvis  is  remarkable  for  its  width.  The 
pelvis  is  relatively  smallest  in  the  Petaurists ;  .but  even  here  the 
diameter  of  the  outiet  is  at  least  six  times  that  of  the  head  of  the 
new-bom  young.  The  anterior  bony  arches  formed  by  the  ossa 
pubis  and  the  ischia  are  always  complete,  and  the  interspace 
between  these  arches  is  divided,  as  in  other  Mammalia,  into  the 
two  obturator  foramina  by  an  osseous  bridge  continued  firom  the 
pubis  to  the  ischium  on  each  side  of  the  symphysis. 

In  the  Kangaroos,  Potoroos,  Phalangers,  and  Opossums,  the 
ilia  ofler  an  elongated  prismatic  form.  They  are  straight  in  the 
Opossum,  but  gentiy  curved  outward  in  the  other  Marsupial 
genera.  In  the  Dasyures  there  is  a  longitudinal  groove  widening 
upward  in  place  of  the  angle  at  the  middle  of  the  exterior  sur- 
face of  the  ilium.  The  ilia  in  the  Petaurists  are  simply  compressed, 
with  an  almost  trenchant  anterior  mai^^  They  are  broader  and 
flatter  in  the  Perameles,  and  their  plane  is  tumed  outward.  But 
the  most  remarkable  form  of  the  ilia  is  seen  in  the  Wombat,  in  which 
they  are  considerably  bent  outward  at  their  anterior  extremity, 
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fig.  226,  68,  In  the  Kangaroos  and  Potorooe  the  eye  is  arrested 
by  a  strong  process  given  off  from  near  the  middle  of  the  ilicv 

pubic  ridge,  and  this  process  may  be  ob- 
served less  developed  in  the  other  Mar- 
supialia.  The  taberosity  of  the  ischia 
inclines  outward  in  a  very  slight  degree 
in  the  Dasyures,  Opossums,  Phalangen, 
Petaurists,  and  Perameles,  in  a  <^r cater 
degree  in  the  Kangaroos  and  Potorooa, 
and  gives  off  a  distinct  and  strong  obtuse 
process  in  the  Wombat,  fig.  226,  ea,  which 
not  only  extends  outward  but  is  curved 
forward.  In  the  Potorooe  the  symphy- 
sis of  the  ischia,  or  the  lower  part  of 
what  is  commonly  called  the  symphysis 
pubis,  is  produced  anteriorly.  The  length 
of  this  symphysis,  and  the  straight  line 
formed  by  the  lower  maigin  of  the  ischia, 
is  a  characteristic  structure  of  the  pelvis 
in  most  of  the  Marsupials. 

The  manupial  bones,  figs.  226,227,  m, 
are  elongated,  flattened,  and  more  or  leas 
curved,  expanded  at  the  proximal  extre- 
mity, which  sometimes,  as  in  the  Wombat, 
is  articulated  to  the  pubis  by  two  points: 
they  are  rdalively  straightest  and  most 
slender  in  the  Perameles ;  shortest  in  the  Myrmecobius,  where  they 
do  not  exceed  half  an  inch  in  length ;  longest,  flattest,  broadest,  and 
most  curved  in  the  Koala,  where  they  nearly  equal  the  iliac  bones 
in  size.  They  are  always  so  long  that  the  cremaster  muscle  winds 
round  them  in  its  passage  to  the  testicle  or  mammary  gland,  and 
the  uses  of  these  bones  will  be  described  in  treating  of  that 
muscle.  Homologically  they  are  the  last  pair  of  lumbar  luema- 
pophyses  advanced,  as  in  many  Reptiles,  from  the  sclerous  to  the 
osseous  states :  teleologically  they  belong  to  the  category  of  the 
trochlear  osucles,  commonly  called  sesamoid,  and  are  developed  in 
the  tendon  of  the  external  oblique  which  fi>rms  the  mesial  pillar 
of  the  abdominal  ring,  as  the  patella  is  developed  in  the  tendon  of 
the  reeiuM  femorit,  I  cannot,  however,  participate  in  the  opinion 
of  Laurent  and  De  Blainville,*  that  the  nuuvupkl  bones  are  su[H'r- 
added  to  the  abdominal  muscles  to  aid  in  an  unusually  ener^tie 

*  *  Bulkim  dv8  Sciences  Medicales'  of  Krussac,  1827,  No.  77,  p.  112,  aiiu  iii« 
•  AimalM  a'AiMt  «t  d«  Phjrsioiogie,*  18S9,  p.  S40. 
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Compression  rc(iiiired  to  expel  the  uterine  firtus.  It  is  not  in  the 
females  of  those  {inimals  which  give  birth  to  the  smallest  young 
that  we  should  expect  to  find 
auxiliary  parts  for  increasing 
the  power  of  the  muscles  en- 
p^atred  in  parturition.  The 
hones  in  (juestion  are,  more- 
over, equally  developed  in  both 
sexes  :  and  they  are  so  situated 
and  attached  that  they  add  to 
the  |)ower  of  the  muscles  which 
wind  round  them,  and  not  of 
those  implanted  in  them.  They 
are  not,  however,  merely  sub- 
Hervient  to  add  force  to  the 
action  of  the  *  cremasteres,'  but 
give  origin  t«t  a  j^reat  jiropor- 
tion  of  tlui  so-called  *  pjrami- 
dales.' » 

The  osteocjenesis  of  the  mar- 
supuil  |)elvis  derives  some  ex- 
trinsic interest  from  the  not  yet  forgotten  speculations  which  have 
been  broached  regarding  the  homologies  of  the  marsu]»ial  bones. 
These  have  been  conjectured  to  exist  in  many  of  the  placental  Mam- 
malia, with  a  certain  latitude  of  altered  place  and  form,  disguised, 
e.g.,  as  the  bone  of  the  j>enis  in  the  Carnivora,  or  apjK'aring  as 
tlic  supplemental  ossicles  of  the  acetabulum,  whicii  exist  in  the 
young  of  many  of  the  Ko<lentia.  In  the  os  innomlnatum  of  the 
immature  Potoroo  the  curved  prismatic  ilium  contributes  t<t  ibrm, 
by  the  outer  part  of  its  base,  the  u]>per  or  anteri<n*  third  of  the 
acetabulum ;  the  rest  of  the  circumference  of  this  cavitv  is  com- 
pleted  by  the  ischium  and  pubis,  excej)ting  a  small  part  of  the 
under  or  mesial  mar<rin,  which  is  lormed  bv  a  distinct  ossicle  or 
epiphysis  of  the  iliimi  («,  fig.  152),  answering  to  that  described 
by  (ieotiroy  St.  Ililaire  as  the  rudimental  marsupial  bone  in  the 
Rabbit.  Now  here  there  is  a  coexisting  marsupial  bone  :  but 
besides  the  five  separate  bones  just  mentioned,  there  is  a  sixth 
distinct  triangular  ossicle,  which  is  wedged  into  the  posterior 
interspace  of  the  iscbiopubic  symjdiysis.  The  circumference  of 
the  acetabulum  is  always  interrupte<l  l)y  a  deep  notch  opposite 
the  obturator  foramcu,  wliich  is  traversed  by  a  ligamentous  bridge, 

*  See  the  iibuvact  of  a  pi^r  on  ihc  Anatomy  of  the  Dwyvrw^  Tnc  Zool.  Soc 
Jaowrjr, 


uiyiu^uu  Ly  Google 


858 


ANATOMY  OF  YBRTEBBATBS 


and  gives  passage  to  the  yeeselB  of  the  Harderiaa  glaaid  lodged  ia 
the  wide  and  deep  acetabular  foosa. 

The  femur  is  a  straight,  or  nearly  8traight»  long,  cylindrical 
bone,  having  a  henuspherical  head  supported  on  a  very  short 
neck,  especially  in  the  Petaurists,  and  situated  here  ahnoat  in  the 
axis  of  the  shi^,  above  and  between  tibe  two  trochanters^  which 
are  nearly  of  equal  size.  In  the  Kangaroos  and  Potorooe  the 
head  of  the  thigh-bone  is  turned  more  inward,  and  the  outer  or 
greater  trochanter  rises  above  it.  In  other  Marsupiab  the  great 
trochanter  is  leas  developed.  In  most  of  the  species  a  atroag 
ridge  is  continued  downward  to  within  a  short  dutance  from  the 
trochanter,  and  this  ridge  is  so  produced  at  the  lower  part  in  the 
Wombat  as  almost  to  merit  the  name  of  a  third  trochanter.  In  the 
Wombat  and  Koala  there  is  no  depression  for  a  ligamentum  teres; 
The  shaft  of  the  bone  presents  no  Imea  aspertu 

The  canal  for  the  nutrient  artery  commences  at  the  upper  third 
and  posterior  part  of  the  bone  in  the  Koala,  and  extends  down- 
ward, contrariwise  to  that  in  most  other  marsupial  and  placental 
Mamnm^iik 

At  the  distal  extremity  of  the  femur  the  external  condyle  is 
the  largest,  the  internal  rather  the  longest  The  intermediate 
anterior  groove  for  the  patella  is  well  marked  in  the  Peramelei, 
where  the  patella  is  fully  developed,  but  is  broad  and  very  shallow 
in  the  Phalangers  and  Dasyures,  where  the  tendon  of  the  rectus 
muscle  is  merely  thickened  or  offers  only  a  few  irregular  specks 
of  ossification ;  and  the  corresponding  surface  in  the  Petaurists^ 
Wombat,  and  Koala  is  almost  plane  from  side  to  side;  in  theee 
Marsupials  and  in  the  Myrmeoobius  the  patella  is  wanting.  I 
find  a  distinct  but  small  bony  patella  in  the  Maeropui  BenMeitiL 
There  is  a  sesamoid  bone  above  and  behind  the  external  condyle 
of  the  femur  in  the  Myrmecobius  and  some  other  Marsupiala. 

In  the  knee>joint,  besides  the  two  crucial  ligamenta  continued 
from  the  posterior  angles  or  cresses  of  the  semilunar  cartilages — 
one  to  the  outer  side  of  the  inner  condyle,  the  other  to  the  inter- 
space of  the  condyles — ^there  is  a  strong  ligament  which  peneei 
from  the  anterior  part  of  the  tibial  protuberance  backward  to 
the  inner  side  of  the  fibular  condyle,  and  a  second  continued  from 
the  same  point  along  the  outer  margin  of  the  outer  semilunar 
cartilage  to  the  head  of  the  tibia. 

The  t^a,  fig.  228,  ss,  presents  the  usual  disposition  of  the  arti* 
cnlar  surface  for  the  condyles  of  the  femur,  but  in  some  genera, 
as  the  Wombat  and  Koala,  the  outer  articular  surfiuse  is  con- 
tinuous mth  that  of  the  head  of  the  fibula.   In  the  Kangarooe 
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and  Potoroos  the  anterior  part  of  the  head  is  much  produced, 
and  in  the  young  animal  its  ossification  commences  by  a  centre 
distinct  from  the  ordinary  proximal  epiphysis  of  the  bane.  A 
strong  ridge  is  continued  down  from  this  j>rotuberance  for  about 
one-sixth  the  length  of  the  tibia.  In  the  Koala  a  strong  tube- 
rosity projects  from  the  anterior  part  of  the  tibia  at  the  junction 
of  the  u])pcr  with  the  middle  third.  In  this  species  and  in  the 
Wombat,  as  also  in  the  Opossums,  Dasyurcs,  Phalangcrs,  and 
Petaurists,  the  shaft  of  the  tibia  is  somewhat  compressed  and 
twisted ;  but  in  the  Kangaroos,  Potoroos,  and  Peramelea  the 
tibia  is  prismatic  above  and  sub-cylindrical  below.  The  internal 
malleolus  is  very  slightly  produced  in  any  Marsupial,  but  moat  80 
in  the  AV'ombat.  * 

The  Jihula,  ib.  67,  is  complete,  and  forms  the  external  malleolus 
in  all  the  Marsupials.  In  one  species  of  Hypsiprymnw  and  in  one 
species  of  Perameles  (P.  lagotis)  it  is  firmly  united  to  the  lower 
part  of  the  tibia,  though  the  line  of  separation  be  manifest  exter- 
nally. In  a  second  species  of  each  of  ^e  aboye  genera  it  is  in 
close  contact  with  the  corresponding  part  of  the  dbia^  but  can  be 
eaailj  separated  from  that  bone.  In  the  Great  Kangaroo  the 
fibuU  is  also  a  distinct  bone  throughout,  but  it  is  remarkably 
thinned  and  concave  at  its  lower  half,  so  as  to  he  adapted 
to  the  convexity  of  the  tibia,  with  which  it  is  in  dose  attach- 
ment. In  each  of  these  genera,  therefore,  in  which  locomotion 
is  principally  performed  by  the  hinder  extremities,  we  perceiye 
that  thar  osseoas  atmcture  is  so  modified  as  to  insure  a  due  de- 
gree of  fixity  and  strength  ;  while  in  the  other  Marsupial  genera, 
as  Phateoiardatf  PhoMeolomys,  Phalan(fista,  Riaurus^  Didt  lphys, 
and  DasjfuruM,  the  tibia  and  fibula  are  so  loosely  connected  toge- 
ther and  with  the  tarsus,  that  the  foot  enjoys  a  movement  of  rota- 
tion analogous  to  the  pronation  and  supination  of  the  hand.  This 
property  is  especially  advantageous  in  the  Petaurists,  Phalangcrs, 
Oi>o8sums,  and  Koala,  because  in  these  the  inner  toe  is  so  placed 
anid  organised  as  to  perform  the  office  of  an  opposable  thumb, 
whence  these  Marsupials  have  been  termed  jPedimana,  or  foot* 
handed  (fig.  228). 

It  is  to  this  prehensile  power  that  the  modifications  of  the  fibula 
chiefiy  relate.  In  the  Wombat,  fig*  212, 67,  Koala,  Petaurists,  and 
Phalangcrs,  it  expands  to  nearly  an  equal  size  with  the  tibia,  66,  at 
the  distal  extremity,  and  takes  a  large  share  in  the  formation  of  the 
tarsal  joint ;  hut  the  articular  surface  is  slightly  convex,  while 
that  of  the  tibia  is  slightly  concave.  The  proximal  extremity  of 
the  fibula  is  also  much  enlarged,  but  ccmpreased  and  obliquely 
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truncated,  and  giviiifr  off  two  tuberositie.-i  i'nnn  its  exterior  surfaer : 
to  the  f»uperior  of  these  a  large  sesamoid  hone,  fijif.  228,  6?',  i»  ar- 
ticulated ;  a  similar  fiesamoid  *  fabclla'  iis  atta<*ho<l  to  the  upper  end 
of  tl)0  fihula  in  a  Dasi/urus  macrurus  and  Pctuurus  ta^miniiidm. 
M*  Temminck  figures  it  in  tin'  Didelphys  nrsfina  and  Difhlphtfs 

Pli! lander.  This  sesainriif]  and  the  ex- 
*"  (  m  panded  process  to  which  it  m  attache*! 
J^^.  form  tlic  homotype  of  the  oleoranoD, 
tig.  212,  55;  and  the  correspondence 
of  the  fibula  with  the  ulna  is  Teiy 
remarkably  maintained  in  the  PeL 
taguanoides,  in  which  the  proximal 
articular  surface  of  the  fibula  is  divi- 
ded into  two  facets,  one  playing  upon 
the  outer  condyle  of  the  feDiur,  the 
other  concaye,  vertical}  and  reociTiitf 
an  adapted  conyexity  on  the  outer 
side  of  the  head  of  the  tibia,  which 
rotates  thereupon  like  the  radiua  in 
the  lesser  sSgmoid  cayity  of  the  ufaia 
In  the  scansorial  and  gradatorial 
Marsupiak  the  hones  of  the  hinder 
and  fore  extremities  are  of  nearly 
equal  length,  but  in  the  saltatory 
species  the  disproportion  in  the  de- 
velo])cment  of  the  bones  of  tlic  liind 
leg  is  very  threat,  esjKJcially  in  the 
Kanganxis  and  Pot^roos,  fig.  211. 
However,  in  those  singular  specits 
o(  IIi/psiprifittiui6  winch  inhabit  New 
(inincfi  and  take  leiiige  in  tre<^<,  tlu* 
(jrtraHi^iitutn  of  the  KancranM)  is  mo- 
dlHed  and  adajited  so  tus  to  inrike 
climbing  a  posBiljle  and  eafsy  action. 
The  fore  and  hind  legs  are  here  more  equally  developed,  and  the 
claws  on  the  two  larger  toes  of  the  hind  i'ect  are  curved  instead 
Straight.  In  a  skeleton  of  one  of  these  scansorial  Potoroos,  the 
H^iipr^nuM  urstnut,  in  the  Museum  at  Leyden,  in  which  the 
humerus  is  three  inches  and  a  half  long,  the  femur  does  not  quite 
equal  fiye  inches  in  length :  the  ulna  is  nearly  foiu*  inches,  the 
fibula  nearly  five  inches  in  length.  The  fibula  is  also  less  firmly 
connected  with  the  tibia  than  in  the  Great  Kai^aroo. 

The  following  is  tlie  structure  of  the  tarsus  in  the  Wombat 
and  Phalanger,  fig.  228.  The  oMiragalw^  a,  is  connected  as  usual 


BonMOf  the  kt  and  Coot,  PkabmgUia. 


SKELETON  OF  MAKSUPIALU 


361 


with  the  tibia,  fibula,  oalcaneum,  c,  and  navicubure,  n.  The  upper 
articular  surface  for  the  tibia  is  as  usual  ooncaycMXinYez,  the  in- 
ternal surface  for  the  inner  malleolus  flattened  and  at  right  angles 
with  the  preceding,  but  the  outer  articular  surface  presents  a  tri- 
angular flattened  form,  and  instead  of  being  bent  down  parallel 
with  the  inner  articular  surface,  slopes  away  at  a  very  open  angle 
from  the  upper  surface,  and  receiyes  the  articular  surface  of  the 
fibula,  67,  so  as  to  sustain  its  vertical  pressure.  A  small  propor* 
tion  of  the  outer  part  of  the  inferior  surface  of  the  astragalus 
rests  upon  the  calcaneum :  a  greater  part  of  the  superincumbent 
pressure  is  transmitted  by  a  transverady  extended  convex  anterior 
surface  to  the  naviculare,  »,  and  cuneiform  bones,  i,  This 
form  of  the  astragalus  is  also  characteristic  of  the  Koala,  Petau- 
rists,  Dasyures,  and  the  Pedimanous  Marsupials  generally.  In 
the  Kangaroos,  Potoroos,  and  Perameles  which  have  the  pedes 
Moiiatorii,  the  fibular  articukr  surface  of  the  astragalus  is  bent 
down  as  usual  at  nearly  right  angles  with  the  upper  tibial  surfiice. 

The  calcaneum  in  the  Wombat  presents  a  ridge  on  the  outer 
surface  which  serves  to  sustain  the  pressure  of  the  external  mal- 
leolus, which  is  not  articulated  to  the  side  of  the  astragalus.  The 
internal  sur&ce  which  joins  the  astragalus  is  continuous  with 
the  anterior  slightly  concave  surface  which  articulates  with  the 
cuboides.  The  posterior  part  of  the  bone  is  comprcBsed,  it  pro- 
jects backward  for  nearly  an  inch,  and  is  slighUy  bent  down- 
ward and  inward.  This  part  is  relatively  shorter  in  the  Koala, 
Phalangers,  Opossums,  and  Petaurists,  but  it  is  as  strongly  de- 
veloped in  the  Dasjfuri  as  in  the  Wombat.  The  anterior  part  of 
the  calcaneum  of  the  Phalangers  is  diown  at  e,  fig.  228. 

In  the  Da^urus  macrurut  a  small  sesamoid  bone  is  wedged 
in  between  the  astragalus,  tibia,  and  fibula  at  the  back  part  of 
the  anklejotnt.  In  the  PetauruM  taguanaides  there  is  a  supple- 
mental tarsal  bone  wedged  in  between  the  naviculare  and  cuboides 
on  the  plantar  surface. 

The  homotypy  of  the  carpal  and  tarsal  bones  is  very  clearly 
illustrated  in  die  Phalanger.  The  lunare  and  teapk&id  of  the 
hand  correspond  with  the  astraqaluM  and  navicuiare  of  the  foot, 
transferring  the  pressure  of  the  focile  majus  upon  the  three 
innermost  bones  of  the  eecond  series.  The  long,  backwaid- 
prajecting  pinform  bone  of  the  wrist  closely  resembles  the  pos- 
terior process  of  the  os  calcis ;  the  articular  portion  or  body  of 
the  Oi  cateis  corresponds  with  the  cunei/orme  of  the  carpus ;  the 
large  carpal  unei/arm  represents  the  tarsal  cubMeB^  and  performs 
the  same  function,  supporting  the  two  outer  digits;  the  three 
euwiform  bones  of  the  foot  are  obvious  homotypes  of  the  trape^ 
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ziumy  trapezoidesy  and  os  magnum.  The  entocuneiform  bone  is  the 
largest  of  the  three  in  the  \\  oinbut,  although  it  snpjxtrt*  \h 
gmullest  of  the  toes.  It  is  of  course  more  developed  in  the  Pi.t 
manoiis  2^1  ai  ^upial?:,  where  it  sup]xirt>  a  hir^i^e  and  opjK>?.iibie  tliumK 

Til  the  W  ombat  tlic  nietatarsuls  progre^ssivelj  increaso  in 
and  breadth  from  the  iuuerm(3st  to  the  I'ourth  ;  the  filth  or  outer- 
most metatarsal  is  somewhat  shorter  l)ut  twice  a.s  thick,  and  it 
fiends  otf  a  strong  o]>tiise  ))rocess  from  the  out^^idc  of  it?  proximil 
end.  A  corresponding  process  exists  in  the  l^lialangers,  tig.  228. 
The  innermost  metatarsal  of  the  Wombat,  fig.  212,  i,  supporti  onlv 
a  siiigle  phalanx^  the  rest  are  succeeded  by  three  phalanges  eacK 
progreasiTelj  increasing  in  thickness  to  the  outermoet ;  the  ungual 
phalanrres  are  elongated^  gentlj  curved  downward,  and  grsdoiUj 
diminish  to  a  point. 

In  the  Myrmecobius  the  tibial  or  innermost  toe  is  represented 
by  a  short  rudimental  metatarsal  bone  concealed  under  the  skin 
In  the  Dasyures  the  innermost  toe  has  two  phalangea,  bat  it  is  the 
most  slender  and  does  not  exceed  in  length  the  metatarsal  bone  d 
the  second  toe.   In  the  Petanrists  it  is  rather  shorter  than  tl«  | 
other  digits,  but  is  the  strongest,  and  in  PetauruM  taguanmia^ 
terminal  phslanz  is  flattened  and  expanded;  ^e  toes  are  set  wide 
apart  in  this  genus.   In  the  Opossums  and  Phalangers  the  iniitf-  , 
most  metatarsal  bone  is  directed  inward  apart  from  the  rest,  ind  i 
together  with  the  first  phalanx  ia  broad  and  flat.    Theseooad  ' 
phalanx  in  the  Opossums  supports  a  claw,  but  in  the  Phalsngoi 
is  short,  transTerse,  unarmed,  singularly  expanded  in  Th.  Cotika,  I 
but  almost  obsolete  in  Ph.  ursina  (fig.  228,  i).    In  all  the  preced- 
ing genera  there  are  two  small  sesamoid  bones  on  the  under  lade 
of  the  joints  of  the  toes,  both  in  the  fore  and  hind  feet. 

The  coramencemcut  of  a  de£xencrati(m  of  the  foot  wbicli  ii 
peculiar  to  Marsupial  animals  may  be  discerned  in  the  Petaurist?. 
in  the  slender  con  litioii  of  the  second  and  third  toes,  as  rorajiarcti 
with  the  fourth  and  fifth.     In  the  Phalanijers  this  diniiimtion of  ' 
size  of  the  second  and  third  toes,  counting  from  tlie  hallux.  \>  \ 
more  marked.    They  are,  also,  both  of  the  same  length  and  have 
uo  individual  motion,  beinj:^  united  to<reilier  in  the  .same  shrath  ot  j 
integument  as  far  as  the  ungual  phalaup^es,  whence  the  naxue  o»  i 
Phalangista  applie<l  to  this  genus  (fig.  228,  2  and  3).  | 

In  the  saltatorial  genera  of  Marsupials  the  degradation  of  tie 
corresponding  toes  is  extreme ;  but  though  reduced  to  almost  fila- 
mentary slenderness  they  retain  the  usual  number  of  phalange?, 
and  the  terminal  one  of  each  is  armed  with  a  claw.  These  claw: 
being  the  only  parts  of  the  rudunental  digita 
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beyond  the  intefrnment,  they  look  like  little  appendages  at  the 
inner  side  of  the  loot  for  the  purpose  of  scrateliiug  the  skin  and 
drcfisintr  the  fur,  to  which  olHces  thev  are  cxfiusivelv  desiLTiied. 
The  removal  of  tlie  innernm-t  toe,  o<»rre<pon(lin«x  witli  our  great 
toe  and  the  hallux  of  the  Pednndna,  coiniiK nets  in  tlie  Perainele«. 
In  one  si)ecios  T  find  the  metatarsal  hone  of  this  toe  supports  only 
a  single  riuiiniental  phalanx  whirli  reaches  to  tlie  end  of  the  next 
metatarsal  bone,  and  the  internal  cui\eiform  hone  is  e]on«r!ited. 
In  anollu  r  species  the  internal  toe  ai>  long  a.s  tlie  abortive 
second  and  third  toed,  and  has  two  phalanges,  the  last  of  which  is 
divided  hv  the  lontjitiidinal  fisMirc  characteristic  of  the  nn^rual 
phalanges  in  this  genus.  In  the  Perameles  la^of/s  the  innermost 
toe  18  re])rescnted  by  a  rndinienfary  metatarsal  bone^  about  one- 
third  the  Icngtli  ot  ilic  adjoining  nieta[;usal. 

In  the  Pucj)hagous  iVffirsn|»ials  no  rudiment  of  the  innermost 
toe  exists.  The  power  oi  the  foot  is  concentrated  in  all  these 
genera  on  the  fourth  and  fifth  or  two  outer  toes,  but  especially 
the  fourth,  which,  in  the  Great  Kangaroo,  is  upwards  of  a  f  oot  in 
length,  iiu  hiding  the  metatarsal  bone  and  the  claw.  This  for- 
midable weapon  resembles  an  elongated  hoof,  but  is  three-sided 
and  sliiu  p-pointed  like  a  bayonet,  and  with  it  the  Kangaroo  stai-)s 
and  rips  open  the  abdomen  of  its  assailant:  with  the  anterior 
extremities  it  will  hold  a  powerful  dog  finnly  during  the  at- 
tack, and  firmly  supjwrting  itself  behind  upon  its  powerful  tail, 
deliver  it^  thrusts  with  the  wlude  force  of  the  hinder  extremities. 
The  cuboid  Im  ne  which  a»upport8  the  two  outer  metatarsals  is 
j)roportionally  developed.  The  internal  cuneiform  bone  is  pre- 
sent, though  the  toe  which  is  usually  articulated  to  it  is  wanting. 
It  is  also  the  largest  of  the  three,  and  assists  in  supporting  the 
sec»>nd  metatarsal  ;  posteriorly  it  is  joined  with  the  navicular  and 
external  cuneiiorm  bones,  the  small  middle  cuneiform  occupying 
the  space  between  the  external  ami  internal  wedge-bones  and  the 
jiroximal  extremities  of  the  two  abortive  metatarsals.  The  great 
or  foiu'th  metatarsal  is  straight  and  some\s  liut  lluttencd  :  the  ex- 
ternal one  is  compressed  and  slightly  bent  outward ;  the  toe 
wliich  this  supports  is  armed  with  a  claw  similar  to  the  large  one, 
but  the  ungual  phalanx  does  not  reach  to  the  end  of  the  second 
phalanx  of  the  fourth  toe,  and  the  whole  digit  is  proportionally 
weaker.  In  the  climbing  Potoroos  {^J ii^p^ipri/wnns  ursij/us  and 
Hifjisiprymnm  dur€ocephalu8\  the  two  outer  toes  are  ]uoj)or- 
tionally  shorter  than  in  the  leaping  species,  and  are  terminated 
by  curved  daws  by  which  they  gain  a  better  hold  on  the  brunches 
and  inequalities  of  trees. 
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§  181.  Skeleton  of  Bodentia.—A.  Vertebral  Column.— IhcVii^ 
dentia  have  seven  cervical,  and,  as  a  rule,  nineteen  dorso-lumhar 
vcrtebne.  The  agile  Hares  with  flexile  trunk  have  long  loin?, 
viz.  D  12,  L  7,  fig.  229.     The  Jerboas,  fig.  232,  that  bear  \kt 


nuv  iLrpuM  timtduM). 


trunk  aloft,  like  the  Kangaroos,  have  also  twelve  dorsal  ami 
seven  lumbar  vertebnc :  the  burro^\'ing  Porcupines  and  swim- 
ming Beavers,  fig.  230,  have  their  trunk  braced  by  a  greats 


230 


Betrer  (Outorl'tttr). 

number  of  long  moveable  ribs,  making  in  Coster 
Fiberj  D  15,  L  4  ;  in  Ili/strix  rristatn,  D  15,  L  4  ; 
in  Hifstrix  alopha,  D  14,  L  n.  The  average  Rodent 
number  is  d  13,  l  6.  Exceptions  are  few,  and 
fewer  than  at  first  sight,  if  well  looked  to ;  thus,  a 
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flkeleton  of  Dasi/procta  Acuchy^  flunvinjr  i)  in,  T.  7,  lias  the  supplc- 
mentiil  lumbar  vertebra  with  sacral  characters  and  connection  on 
the  left  side  :  C'uvier^sij^ns  to  the  Dormice  (Loirs  and  Lerots) 
1)  13,  L  7 :  the  burrowing  Cape  Mole-Kats  have  twenty  or  twenty- 
one  dorso-hnnhars  :  in  these  I  have  found  i3-7,  i  i-n,  and  14-7, 
and  the  latter  is  the  numher  of  dorsal  and  lumbar  vertebrae 
respectively  :  the  Australian  Water-Kat  (Hydromys  chrysogaster) 
has  D  14,  L  7  :  the  best-marked  exception  is  that  of  the  Capromys, 
^hich  has  d  16,  l  7=:j3.  In  some  Bodents  only  one,  in  most 
but  two,  vertebraj  join  the  ilia :  three  and  four  are  common 
numbers  of  anchylosed  sacrals.  In  the  seemingly  tailless  Cavies 
and  Pacas  the  caudal  vertebrae  may  be  but  seven,  eight,  or  ten 
in  number:  in  the  Black  Bat  and  Hapalotis  alhipes  I  have 
counted  as  many  as  thirty.  The  Ghreat  Jerboa  has  twenty-nine 
caudaia,  which  also  have  the  proportions  and  peffections  of  those 
in  the  Kangaroo. 

The  met-  and  an-apophyses  commence  by  a  common  tubercle  at 
the  fore  part  of  the  dorsal  series ;  the  anapophysis,  fig.  231,  d,  a, 
begins  to  be  distinct  at  the  back  part  of  tiie  series,  and  the  meta- 
pophysis,  ib.  m,  to  project  from  above  the  anterior  zygapophysis, 
z :  both  processes  are  usually  well  28i 
developed  in  the  posterior  dorsal 
and  lumbar  vertebne,  ib.  L :  the 
diapophysis,  d,  subsides  in  the 
posterior  dorsals  and  is  lengthened 
in  the  lumbars,  L,  by  a  coalesced 
riblet  (plenrapophysis)^  ib.  d.  In 
the  Great  Jerboa  (Ife/amys)  the  diapophysis  is  unusually  hm^r  and 
BtronjT  in  tlie  first  dorsal:  the  aiiupophysis  first  projects  from 
the  back  part  of  the  eif(hth  dorsal,  and  the  metapophysis  from  the 
fore  part  of  the  ninth:  both  processes  are  long  in  tiie  first  five 
lumbars.  The  neural  spines  projrressivclv  increase  in  h  ii^rtli  to 
the  last  lumbar,  and  are  stnmgly  inclined  forward  toward  that  of 
the  eleventh  dorsal,  fig.  232,  D:  the  antecedent  s]»ines  incline 
backward  to  the  same  vertebra,  the  s])ine  of  which  is  vertical, 
and  indicates  the  centre  of  motion  of  the  trunk.  This  arrange- 
ment of  the  neural  spines  is  well  marked  in  all  the  agile  flexible- 
bodied  Rodents.  In  the  Hare,  fig.  229,  the  neural  spine  of  the 
ninth  vertel)ra,  d,  indicates  the  centre.  The  anapophyses  begin 
on  the  eighth,  the  metapophyses  on  the  ninth,  dorsal:  these  in- 
crease and  arc  continued  throughout  the  lumbar  region,  where 
they  are  very  long.  The  anapophysis  assumes  the  form  of  a 
ridge  in  the  last  dorsal  and  lumbar  i^prtut*"-'  lumbar 
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di-pleur-apophysesy  ib.  are  long  and  incline  forward  and  down- 
ward.   Long  hypapophyaeS)  ib.  k,  are  also  developed. 

The  tboraeic  ribs  confliat  of  bony  pleur-  toad  gristly  haem- 
apophyses :  of  these  the  seven  anterior  pairs,  as  a  nile^  directlj 
join  the  sternum,  which  then  consifitB  of  six  bones  or '  atemebersL* 
In  the  Beaver,  Porcupine,  Coypn,  and  a  few  others,  there  are 
eight  pairs  of '  tme  ribs ;  *  in  an  Aenchy  with  this  number  I 
found  nine  sternal  bones,  the  foremost  representing  an  *  epi- 

sternal'  articulated  to  the  < manubrium^' 
The  first  rib  is  the  shortest,  unusually  so  in 
Hydromyiy  and  has  often  a  partial  articu> 
Ution  with  the  last  cervical  vertebra.  The 
neural  spine  of  the  second  dorsal  ia  com- 
monly the  longest. 


S3d 


In  the  Beaver,  fig.  230,  the 
sacrum  consists  of  four  anchy- 
losed  vertebra) :  the  articular  sur- 
face for  the  ilium  is  almost  con- 
fined to  the  transverse  process  of 
the  first  of  these  vertebra  :  those 
of  the  last  are  the  longest.  The 
Raoral  nerves  directly  perforate 
the  neura|X)physc8  of  the  last  two  vertebns,  anterior  to  theTacaity 
left  between  the  bases  of  the  transverse  processes.  The  neural 
arches  of  the  first  six  caudal  vertebrae  are  similarly  perforated.  Their 
transverse  processes  arc  long,  horizontally  flattened,  and  terminally 
expanded ;  and  the  vertebne,  after  these  processes  subside,  are 
remarkable  for  their  1  affile  size,  and  a  certain  degree  of  corre- 
spoudence  of  shape  with  the  broad,  flat,  scaly  tcgumentary  tail 
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wliicli  ihey  support.  In  most  Bodents  'with  long  tails,  luema- 
pophyses  are  developed  beneath  the  intervertebral  spaces,  as  in 
the  Jerboas,  fig.  232,  In  one  member  of  the  Porcupine  family 
{Cercohbes),  and  in  one  species  of  Caprcmys  {C, prekensiHs),  the 
tail  has  a  prehensile  extremity. 

The  seventh  cervical  vertebra  has  an  imperforate  transverse 
process  in  some  Rodents,  a  perforate  one  in  othen :  in  the^Hare 
I  have  observed  this  difference  in  different  individuals.  The 
pleurapophyses  early  anchylose  to  form  the  vertebrarterial  foramen 
in  the  sixth-second  oerviciEds.  The  neural  spine  is  usually  longest 
in  the  second  and  seventh ;  it  is  obsolete  in  the  intermediate  cer- 
vicab  in  many  Rodents.  In  the  Hare  the  transverse  processes  of 
the  atlas  are  ]>erfonted  longitudinally  by  the  vertebral  arteries, 
which  then  perforate  the  neural  arch.  The  hypapophysis,  or 
so-called  body,  is  ossified,  and  a  small  tubercle  extends  backward 
from  its  under  part  In  the  atlas  of  the  Chinchilla  the  transverse 
process  is  pierced  both  horizontally  and  obliquely,  and  the  verte- 
bral artery  also  perforates  the  neural  arch. 

B.  SkulL — As  in  the  ManupiaUa,  the^confluence  of  the  elements 
of  the  epencephalic  arch  is  late,  and  that  of  the  tympanic  is 
restricted  to  the  petrosal  and  mastoid*  The  squamosal  maintains 
its  individuality,  and  also  much  of  its  long  slender  proportions, 
and  the  malar  is  suspended  in  the  middle  of  the  zygomatic  arch. 


Bkull  uf  itiv  Uarc. 


as  in  Birds:  other  charaeteristios  of  the  Rodent  skull  will  be 
exemplified  in  the  following  species. 

In  the  Hare  (Leptu  timiduSf  fig.  233)  the  superoccipital  is 
Hunnountcd  by  a  square  platform  of  bone-— originally  a  distinct 
interparietal — the  posterior  angles  of  which  project  backward  in  the 
form  of  two  tubercles,  from  between  which  a  vertical  crest  descends 
to  the  foramen  magnum.    The  paroooiintak  arch  downward  and 
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outward  in  close  connection  with  the  descending  process  of  tbe 
large  subquadrate  mastoid,  8,  which  anchyloBCs  with  the  jtetrosaJ 
and  tympanic  The  long  bony  'meatus  auditorius^  a^cendi* 
obliquely  backward — the  direction  in  which  this  timid  Rodent  is 
most  concerned  in  ascertaining  the  sounds  that  may  warn  it  of  an 
approaching  enemy.  The  tympanic  cavitiea  intercommunicate  by 
a  sinus  trayersing  Uie  hasisphenoid.  The  outer  p:irt  of  the  ali- 
sphenoid  is  perforated  by  the  cctocarotid  artery.  The  entocarotid 
pierces  the  tympanic  bulla.  The  petromastoid  is  artic-uhited  in  a 
peculiar  manner  to  the  Bquamosal,  which,  after  expanding  beyond 
its  zygomatic  part  to  be  applied  to  the  parietal  and  aliBphenoid* 
resumes  the  form  of  a  narrow  tliin  plate  of  bone,  applied  to  a 
shallow  depression  upon  the  mastoid,  and  thus  clamping  it,  as  it 
were,  to  its  place.  The  firontal  sends  outward  a  large  aliform 
curved  plate  almve  each  orbit,  the  extremities  of  which  form 
pofitorbital  and  antorbital  processes,  the  net  lios  which  divide  the 
anterior  from  the  posterior  part  of  the  frontal  being  unusually 
deep*  The  common  outlet  of  the  optic  neryes  extends  forwiurd, 
8o  as  to  occasion  a  small  vacuity  at  the  back  part  of  the  inter> 
orbital  (  ptmn.  Each  orbit  presents  a  wide  vacuity  at  its  fore 
]3art,  which  leads  into  the  lateral  nasal  cavity,  bounded  extcmaU? 
by  the  singular!)'  reticulate  nasal  plate  of  the  maxillary,  91.  Tbe 
zygomatic  arch,  which  is  slightly  curved  downward  but  scarcely 
at  all  outward,  developcs  a  small  prominence  both  from  it^  front 
and  hind  extremity  below  the  points  of  suspension.  The  arki* 
cular  surface  for  the  lower  jaw  is  broad  and  concaye  transversely* 
narrow  and  convex  longitudinally.  The  bases  of  tho  sockets  uf 
the  superior  molars  fonn  a  strong  prominence  in  the  orbit  M>>\\ 
the  anterior  vacuity.  The  nn>^al  bones,  15,  are  remarkable  biith 
for  their  length  and  breadth  :  tlicy  extend  further  back  than  tlie 
Ion;::  sU  nder  nasal  processes  of  the  prcraaxillaries,  as.  The  bony 
palate  is  extensively  encroached  upon  by  the  prepalatal  aperlqres, 
which  blend  together  to  fonn  a  narrow  heart-shaped  vacuity 
with  the  apex  directed  forward,  largely  exposing  the  vtimer 
and  the  nasal  cavities.  The  palatal  processes  of  the  maxiUarks 
and  palatines  form  a  bridge,  or  platform,  extending  across  oppo» 
site  the  three  anterior  molar  teeth.  The  nasal  processes  of  the 
palatines  are  of  unusual  height.  The  angle  of  the  lower  jaw 
forms  a  broad  compressed  plate,  mth  the  lower  lx>nler  rounded 
and  thickened,  so  as  to  project  a  little  beyond  both  the  outer  and 
inner  surface  of  the  ascending  plate:  the  outer  ridge  is  ccmtinued 
forward  to  the  horizontal  ramus,  bounding  the  large  maasetene 
fossa.   The  petrotympanics  form  *  bulla  oaseae.'   The  pterygoids 
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derelope  both  extemd  and  internal  plates:  the  outer  plate  ii 
widely  perforated  at  its  base;  the  inner  plate  terminates  in  a 
hamnlar  process. 

The  common  foramen  opiicnm,  the  wide  palatal  yacuities,  the 
transverselj  eactended  glenoid  cayity,  and  the  inflected  mandibnlar 
anglCf  indicate  affinity  to  the  Marsupials. 

In  a  skull,  seven  inches  long,  of  a  Capybara,  fig.  234,  with  the 
entire  series  of  permanent  teeth  in  place,  the  sutures  between 
the  elements  of  the  occipital  bone  still  remain.  The  compressed 
paroodpitals,  4,  Are  of  enormous  length.  The  basioocipital  con- 
tributes to  eadi  condyle  its  lower  extremity.  The  exoccipitals 
almost  meet  above  the  foramen  magnum,  tiie  plane  of  which  is 
nearly  yerticaL  The  basisphenoid  is  perforated  by  a  median 
vertical  canal,  and  is  notched  laterally  by  the  entocarotids.  The 
squamosals  are  distmct,  and  essentially  like  those  in  the  Hare, 
sending  backward  the  long  compressed  lamina  which  clamps  the 


tympanic  and  mastoid  to  the  side  of  the  cranium.  A  venous 
sinus  issues  from  beneath  this  process  of  the  squamosaL  The 
longitudinal  groove  forming  the  articular  cavity  for  the  lower 
jaw  is  angular,  and  completed  externally  by  the  malar  bone,  26. 
The  meatus  auditorius  is  unusually  contracted,  is  cleft  below,  and 
bounded  there  by  two  small  tuberosities.  The  temporal  and 
orbital  fosss  are  blended  together,  as  in  all  Rodents.  The  lacry- 
mal  bone  is  of  unusual  size,  and  extends  forw  ard  upon  the  side 
of  the  face  between  the  frontal,  ii,  and  nuudUary,  s;.  The  anU 
orbital  vacuity  is  immense.  The  nasal  bones,  i  r*,  arc  long,  large, 
and  of  nearly  equal  breadth  throughout.  The  nasal  processes 
of  the  premaxillaries,  S8,  are  coextensive  with  them.  The  sagittal 
suture  is  obliterated,  as  well  as  a  great  part  of  the  frontal  suture. 
There  is  no  trace  of  interparietal  bone.  A  single  foramen  inci- 
•ivum  is  situated  anterior  to  the  two  large  normal  prepaiatine 
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apertures;  the  pOBtpalatiiie  foramina  are  in  the  centre  of  the 
bonj  palate,  between  the  palatinea  and  maxillaries.  The  pala- 
tines are  large.  The  cribriform  plate  and  its  median  ridge  or 
'  crista  galli '  project  backward  into  the  large  rhinenc^ihalie 
foflsa.  Pterygoid  nnnsei  are  formed  anteriorly  by  the  proper 
pterygoids,  and  posteriorly  by  the  ecto-  and  ento-pteryrroid 
plates  of  the  sphenoid.  The  ectopterygoid  plate  is  perforated  by 
an  *  interpterygoid '  canals  above  which  is  a  smaller  '  ectocarotid ' 
canal.  The  lower  jaw  shows  a  strong  ridge  or  platfoim  outside 
die  molar  alveoli.  The  coronoid  and  condyloid  processes  rise 
very  little  above  the  grinding  surface  of  the  molars.  The  chief 
process  of  the  lower  jaw  is  the  angle,  a,  wliich  is  broad,  com* 
pressed,  and  produced  far  backward,  where  it  terminates  obtusely. 
The  upper  surface  of  the  skull  is  flat,  and  its  contour  deviates 
little  fjx»m  a  straight  line^  slightly  descending  toward  the  oodpot 
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and  the  end  of  the  nasals.  The  zygomatic  arch  is  compressed  but 
deep,  especially  below  the  fore  part  of  the  orbit.  The  aoonstie 
bullsB  are  comi>aratively  small. 

In  ChinehiUa  kaugera^  figs.  235*  236,  the  mastoid  poitioDy 
of  the  large  tympamc  bulla,  a,  m,  rises  to  the  upper  surface 
of  the  cranium,  as  at  a,  but  it  is  girt  by  a  process  of  the 
superoccipital,  /,  which  extends  outward  to  articulate  with  the 
(  xtreraity  of  the  slender  process  of  the  squamosal,  e.  The  vaeoitj 
which  intervenes  between  the  alisphenoid,  parietal,  and  tympanic, 
and  which,  in  other  Mammals,  is  dosed  by  the  more  ezpaadcd 


uiyui^uu  Ly  Google 


BKBLBION  OF  BODBNTIA. 


371 


squamosal,  ia  here,  through  the  retention  hj  that  bone  of  its  pri- 
mitiTe  fom)  w  a  diverging  slender  ray,  left  uncovered.  The 
meatus  is  long,  wide,  infundibulifonn,  with  the  outlet  obliquely 
truncate  and  Erected  upward  and  a  little  backward :  the  petrosal 
bulla,  m,  continaed  from  its  lower  extremity,  seems  to  describe 
a  semicircular  curve  downward  and  backward,  circumscribing 
the  lai^  foramen,  which  directly  pierces  the  bulla  beneath  the 
meatus.  The  paroccipital  is  slender ;  its  point  does  not  extend 
below  the  level  of  the  tympanic  bulla.  The  articular  groove  for 
the  lower  jaw  is  deep,  and  is  completed  externally  by  the  malar, 
k.  An  almost  circular  piece  seems  to  be  cut  out  of  the  zygoma, 
above  the  junction  of  the  malar  with  the  squamosal.  The  facial 
part  of  the  laciymal  extends  half-way  across  the  antorbital  root  of 
thesygoma,  where  the  zygomatic  part  of  the  maxillary  articulates 
by  suture  with  the  nasal  process  of  the  same  bone,  circumscribing  a 
large  antorbital  vacuity.  The  nasal  processes  of  the  prcmaxillaries 
slightly  expand  at  tlieir  extremities,  which  extend  beyond  the 
corresponding  ends  of  the  nasals,  /.  A  strong  and  long  oblique 
ridge  traverses  the  inner  side  of  the  ramus  of  the  lower  jaw.  Tlie 
outer  pide  is  irregularly  swollen  by  the  bases  of  the  sockets  of  the 
curved  molars,  but  has  not  the  distinct  ridge  which  characterises 
that  part  in  the  Cavies. 

In  the  skull  of  an  adult  237 
Paoa  (  CtslogenySj  fig.  237), 
with  the  mature  dentition, 
the  sutures  between  the 
o1  omenta  of  the  occipital,  as 
likewise  the  sagittal  suture, 
are  obliterated.  There  is  no 
trace  of  interparietal  bone. 
The  basioccipital,  basisphe- 
noid,  and  presphenoid  have 
coalesced  to  form  a  continu- 
ous bony  floor  for  the  cranial  C4ivity.  The  third  division  of  the 
fifth  notches  the  alisphenoid  ]>ostcriorly,  the  foramen  ovale  being  an 
irregular  fissure  between  the  ali-  and  hasi-sphenoids  and  the  petro- 
saL  The  petrotympanic  is  free  from  the  squamosal,  and  rather 
loosely  suspended  bencatlj  the  overarching  posterior  lamella  of  the 
squamosal,  which  bends  down  external  to  the  mastoid  and  paroc- 
cipital, 4.  The  malar,  26,  is  a  slightly  curved  plate,  twice  as  deep 
as  it  is  long,  and  forms  the  posterior  third  part  of  the  zygomatic 
expansion,  the  rest  being  fonned  by  the  maxillary,  21,  which  is 
unusually  and  enormously  developed.  The  squamosal  forms  only 
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the  l)ai*c  (»f  the  zygoma  :  it  is  ji^rooved  below  for  the  mandibular 
joint,  to  wliich  the  malar  contributes  the  outer  part.  The  nsL*al 
processes  oi  the  premaxillary  do  not  extend  so  far  hack  aji  tho 
nasals :  the  large  antorbital  vacuity,  is  reduced  by  the  max- 
illary zygomatic  plate  to  a  crescentic  form.  The  zygomatii 
expansion  of  the  maxillary,  21,  is  deeply  excavated  on  the  inner 
side ;  it  forms,  in  the  recent  animal,  a  large  bony  capsule  on 
each  side  of  the  mouth,  communicating  there^nth  and  Hneii 
by  the  buccal  membrane.  A  vertical  sinus  terminating  below 
in  two  small  foramina,  communicating  with  the  orbit,  dind© 
the  rhinencephalic  from  the  j)rosencephaIic  fossa,  A  branch  of 
the  lateral  sinus  leads  from  above  the  petrosal  to  between  the 
squamosal  and  tympanic  externally.  The  olfactory  cavity  extend* 
backward  beneath  the  rhinencephalic  one,  but  not  above  it  The 
ectopterygoid  prooem  joins  the  proper  pterygcnd,  and,  with  the 
entopterygoid  plate^  completes  a  wide  interpterygoid  canal.  Tk 
base  of  the  ectopterygoid  is  perforated  by  an  ectocarotid  foramea 
The  squamosal  is  excluded  from  the  cranial  cavity  by  a  fianm 
which  widens  as  it  descends  between  the  sqaamoaal  and  petro- 
tympanic :  a  venous  sinus  occupies  this  fissure.  A  horizontil 
scjitum  divides  an  upper  from  a  lower  compartment  of  theantemr 
half  of  the  tympanic  bulla.  The  sella  turcica  is  shallow,  and  not 
defined  by  dinoid  processes ;  the  chiasmal  platform  is  sobqu- 
drate,  and  leads  to  a  fossa,  paforated  by  the  two  large  and  ap 
prozimated  elliptical  optic  foramina;  adeqi  and  narrow  gioore 
extends  from  the  optic  fossa  to  the  rhinencephalic  oompsTtmcBt* 
where  it  divides  to  tenninate  at  the  orbito-ethmoidal  fomnm 

The  foramen  rotundumand 
foramen  laoenun  anterins 
combine  to  form  a  liige 
subquadrate  vacoity.  Tk 
cerebellar  fossa  on  the  upper 
part  of  the  petrosal  is  nrj 
deep.  The  meatus  intemu 
is  extremely  shallow^  id 
abnost  immediately  difida 
into  the  cochlear  and  vesli' 
bular  canals. 

I  n  the  l^orcupine(  Hi/stru 
rristata)y  fig.  238,  the  occi- 
pital region  is  nearly  flat ;  the  paroccipitals  descend  only  to  the  level 
of  the  occipital  condyles.  The  mastoid  forms  but  a  rough  ridgf- 
The  auditory  bulhe  are  moderately  developed ;  the  external  meatus 
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18  shorty  directed  outward  and  a  little  forward,  and  ib  notched 
behind.  A  fissure,  which  widens  at  both  ends,  divides  the  tym 
panic  from  the  clainping  process  of  the  squamosal :  this  articulatee 
behind  by  a  suture  with  the  mastoid.  The  parietal,  fig.  239, 7,  are 
broad,  but  short,  and  pinched  in,  as  it  were,  hy  the  temporal  fossx, 
which  almost  meet  at  the  line  of  the  ngittal  sntiire,  which  is  obli* 
tmted.  The  frontals,  ib.  1 1,  are  more  than  doable  the  size  of  the 
parietab,  and  are  greatly  awollm  by  the  enormoiis  nniuMa.  The 
moat  remarkable  festnre  of  the  Porcupine's  cranium  is  the  magni- 
tndeof  the  nasal  bones,  15,  especially  their  great  posterior  expanse, 
which  terminates  behind  on  the  same  yertioal  parallel  as  the  middle 
of  the  zygomatic  arch.  This  character  is  contrasted  in  fig.  239 
with  the  small  size  of  the  nasals,  i5,  in  the  Manatee  and  Capuchin 
Monkey.  The  thick  anterior  pier  by  which  the  zygomatic  arch  is 
suspended  is  fonned  by  the  maxillary  and  lacrymaL  The  slender 
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horizontal  process  of  the  maxillary,  which  bounds  the  lower  part 
of  the  antorbital  vacuity,  fig.  238,  v,  appears  like  a  second  zygoma. 
The  premaxillaries  progressively  contract  as  they  pass  backward 
and  join  the  frontal^,  nearly  an  inch  in  advance  of  the  hinder  bor- 
der of  the  nasals.  The  bony  palate  terminates  by  ft  thick  rounded 
border  between  the  last  molar  teeth.  The  pterygoids  send  back- 
ward  and  upward  a  hamular  process,  which  joins  the  tympanic 
hiilla.  The  cerebellar  depression  upon  the  petrosal  is  very  shallow : 
the  fore  part  of  the  petrosal  pro^cnta  a  luge  protuberance.  The 
rhincncephalic  fossa  is  relatively  of  large  size,  and  is  defined  by  a 
well-marked  ridge  from  the  rest  of  the  cranial  cavity.  Two  vascti- 
lar  canals  are  continued  into  its  lower  part  from  above  the  optic 
foramina,  instead  of  an  open  groove,  as  in  the  Agouti.  The 
coalcsre'l  prefrontals  are  compressed.  The  vomer  is  deeply  cleft 
posteriorly,  and  has  coalesced  with  the  ethmoturbinals,  and  its 
anterior  part  articulates  with  the  median  ascending  ])rocess  of  the 
prenuudUary  arching  over  the  wide  vacuities  which  lead  from  the 
nasal  passages  to  the  prepalatine  apertures,  as  in  most  Rodents. 
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The  cranial  air-cells  continued  from  the  nasal  and  tympanic 
cavities  reach  the  occiput.  The  tympanum  is  divided  by  a  hori- 
zontal partition  into  an  upper  and  lower  chamber,  intercommuni- 
eatln«^  posteriorly  al)ove  the  membrana  tympani,  which  is  situated 
in  the  lower  division,  where  the  meatus  aiulitorius  externus  ter- 
minates in  a  narrow  oblique  slit.  The  extrat)rdinary  extent  of 
the  air-sinuses  surrouiulinjr  the  fore  part  of  the  cranial  cavity  and 
develope<l  in  the  orbitosphenoids,  alisphenoids,  squamosals,  aiid 
frontals,  with  the  radiating  bony  septa  of  those  sinuaeSy  are  pecu- 
liarities of  the  Porcupine. 

In  an  almost  full-grown  Beaver,  fig.  240,  the  elements  of  the 
occipital  bone  are  still  unanchjlosed ;  the  lower  third  of  each 
condyle  is  formed  by  the  basioocipital,  the  under  surface  of  which 
presents  a  large  and  deep  ezcaTation.    The  upper  part  of  tke 

foramen  magnum  is  O0Bk> 
pleted  by  the  broad  super- 
oocipitaL  The  mastoid  ie 
larger  than  in  the  Poici- 
pines,  and  artienlates  lnt^ 
riorl  J  with  both  the  parietal 
and  squlunosal :  itisaodiy- 
losedtotfaepetrofiaL  Hhm 
is  a  perforation  in  the  satore 
between  the  8uperocci]ntal 
and  mastoid.  The  inter 
parietal  is  large,  and  irhoUj 
upon  the  upper  surfiuse  of 
the  cranium*  The  squamosal  is  perforated  bcdiind  and  below  tlie 
root  of  the  zygoma.  The  frontals  are  small  and  almost  flat  abore 
The  nasal  bones  extend  further  back  than  the  premaxillanes,  b 
the  European  Beaver,  beyond  the  transverse  line  which  extends 
between  the  antorbital  tuberosities.  The  anterior  root  of  the 
zygoma  formed  by  the  maxillary  is  a  simple  plate  which  aj»]lea^ 
to  be  imperforate,  the  orifice  of  the  slender  antorbital  canal  heiu: 
concealed  l»y  a  vertical  ridge  of  the  maxillary,  wliich  inclines 
forward  over  the  maxill(>-j)reinaxillary  suture. 

The  epencephalic  compartment  is  lower  and  broader  than  in 
the  Porcupine.  The  cere!)ellar  fossa  of  the  petrosal  is  lar^r 
and  deeper.  The  upper  conipartnieut  of  the  tympanum  is  niuci 
less.  The  length  and  direction  of  the  auditory  meatus  is  shown, 
fig.  240,  o:  it  changes  its  form  into  a  transverse  fissure,  !i<  r 
approaches  the  membrana  tympani,  the  |)lane  of  which  is 
parallel  with  that  of  the  meatus  itself.    There  are  no  nasal  »u- 
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sinuses  in  tlic  oranlal  hones  of  this  aquatic  Rmlent,  and  their 
texture  is  denser  than  in  most  of  the  order.  The  selhi  turcica 
is  extremely  shallow,  and  without  clinoid  processes  :  the  middle 
of  the  basioccipital  is  reduced  hy  the  excavation  on  itvS  under 
surface  to  extreme  thinness.  A  small  vacuity  in  tlie  ba-sisphe- 
noid  communicates  with  the  cranial  cavity  close  to  the  *  fissura 
lacera  anterior.'  The  ]>res]i}ienoid  is  perforated  transversely.  The 
rhinencephalic  fossa  is  well  marked.  The  anterior  end  of  the 
vomer  articulates  with  both  the  maxillary  and  premaxiilary  bones, 
as  in  the  Rat. 

In  the  skull  of  the  Ondatra  or  Musk  Vole  {Fiber  zibeticus, 
fig.  241),  the  hasioocipital 
is  not  excavated,  as  in 
the  Beaver,  but  there  is 
the  same  perfofation  be- 
tween the  mastoid  and 
superoccipital,  and  a  large 
yacui^  in  the  posterior 
process  of  the  squamosal 
commnmcating  directly 
with  the  cranial  cavity. 
The  squamosal  is  unusu- 
ally expanded  above  the  zygomatic  process,  and  articulates 
largely  with  both  frontal  and  parietaL    The  zygomatic  process  of 
the  maxillary  reaches  almost  to  that  of  the  squamosal,  and  sup- 
ports a  great  part  of  the  malar  bone.   The  antorbital  foramen,  v, 
is  larger  than  in  the  Beaver,  but  is  bounded  externally,  as  in  it, 
by  a  nearly  vertical  ridge  of  the  maxillary.    The  interorbital 
septum  is  perforated  behind,  beneath  the  orbttoephenoid.  There 
is  no  distinct  lacrymal  bone;  but  the  turbinal  bones  appear  at 
the  fore  part  of  the  orbit  between  the  two  processes  of  the 
maxillary  which  join  the  frontal,  and  above  the  ai)erture  com- 
municating with  the  nasal  cavity.     The  anterior  part  of  the 
maxillarv',  in  front  of  the  antorbital  foramen,  is  swollen,  and 
forms  a  curved  canal  commencing  by  an  oblique  aperture  su- 
periorly,  and  descending  outward   and    backwanl   round  the 
socket  of  the  superior  incisor  to  terminate  in  the  nasal  meatus  : 
this  part  may  probably  protect  the  lacrymal  sac  and  duct.  Tlio 
interparietal  is  a  transversely  quadrate  hone.    The  sagittal  suture 
is  retained,  and  the  upper  surface  of  the  parietal  is  smooth,  and 
nearly  Hat :  the  temporal  ridges  meet  and  dcvelope  a  crest  upon 
the  narrow  frontals,  obliterating  the  frontal  suture.    The  back 
part  oi'  each  ramus  of  the  lower  jaw  is  trident-shaped  from  the 
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almost  equal  developcment  of  the  coronoid  and  angular  processes, 
on  each  side  the  base  of  the  narrow  process  supporting  the 
condyle. 

In  the  Great  Mole-Rat  ( Orycteropus  capensis)^  the  wcipital 
region  of  the  skull  is  very  broad  and  low.  The  compre^ed 
paroccipitals  project  downward  and  backward.  The  auditory 
bulla  is  pyriforni,  its  apex  articulating  ^vith  the  pterygoids.  The 

terajKiral  fossae  meet  along 
a  well-developed  crista  ex- 
tending from  the  interor- 
bital  region  to  the  strong 
transverse  superoccipital 
crest.  The  squamosal  forms 
a  horizontal  plate,  with  a 
curved  border  extending 
from  the  root  of  the  zygoma 
to  above  the  *  meatus  ex- 
temus/  which  is  directed 
upward  and  forward.  The 
zygomatic  arches  are  strongly  curved  outward.    The  premaxil- 
laries  extend  further  backward  than  the  nasals :  these  are  very 
long  and  narrow.    In  the  Blind  Mole-Rat  {Spalox  typhlug)y  the 
orbit,  fig.  242,  o,  is  not  defined :  the  great  antorbital  vacuity,  r, 
niight  be  mistaken  for  it. 

In  the  skull  of  the  Cape  Jerboa  {Helamys  cnpensis)^  the  occi- 
pital region,  o>ving  to  the  enormous  developcment  of  the  acoustic 

bulla?,  appears  as  a  broad  shallow 
depression  between  them  at  the 
back  part  of  the  skull.  The  par- 
occipitals are  small,  slender,  sul>- 
elongate,  and  project  downwani, 
distinct  from  the  bulla?.  The 
broader  mastoid  processes  are  a|>- 
plied  to  the  outer  side  of  the 
petrosal  i>ortion  of  the  bulla? :  the 
swollen  bases  of  the  mastoids  form  a  tract  ujK)n  the  up[)cr  surface 
of  the  cranium  larger  than  the  interparietal  bone,  on  each  side  of 
which  they  are  situated.  The  slender  }K)8terior  clamping  processes 
of  the  squamosals  impress  the  outer  sides  of  the  bulla?  which  they 
support,  alxjve  the  *  meatus  externus:'  this  canal  is  directed 
upward  and  a  little  outward.  The  parietals  are  pushed  by  the 
squamosals  entirely  to  the  upper  region  of  the  cranium :  the 
sacrittal  suture  remains,  as  well  as  the  frontal  one.    The  tenii>oral 
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muscles  seem  to  have  been  unusually  small  in  tliis  Kodcnt :  their 
iossae  impress  only  the  small  squamosals.  The  coronoid  process 
of  the  lower  jaw  is  obsolete.  The  movements  of  the  jaws  appear 
tu  have  been  chiefly  committed  to  the  masseteric  and  pterygoid 
muscles.  The  zygomatic  aroh,  which  extends  from  the  squamosal 
to  the  premaxillary,  is  veiy  hroad  below  the  orbit,  and  is  trayersed 
externally  by  a  ridge  indicating  the  powerful  origin  of  the  mas- 
seter.  The  antorbitd  vwmtf  md  the  maxillary  depression, 
bounded  externally  by  the  two  roots  of  the  zygoma,  are  larger 
than  the  orbits :  the  fyont  root  of  tiie  zygoma  is  formed  by  a 
combination  of  the  frontal,  lacr^  mal,  maxillary^  and  malar  bones. 
The  slender  extremities  of  the  premazillaries  terminate  on  nearly 
the  same  transyerse  line  witli  the  back  part  of  the  broad  nasals. 
These  are  bent  down  anteriorly,  so  as  to  form  the  sides  of  the 
external  nostrils.  The  deep  sockets  of  the  rootless  teeth  form 
protuberances  at  their  bases,  where  the  osseous  case  becomes 
absorbed,  coBTerting  the  socket  into  a  canal  open  at  both  ends, 
the  persistent  matrix  of  the  tooth  being  attached  to  the  peri- 
osteum, and  protected  by  the  contiguous  soft  parts.  In  all  the 
Bodents  with  the  wide  antorbital  vacuities,  the  fore  part  of  the 
masseter  takes  its  origin  from  the  facial  bones  anterior  thereto, 
and  traverses  the  vacuity  in  its  obUque  course  beneath  the  fore 
part  of  the  zygoma,  to  expand  and  blend  with  ihe  normal  part  of 
the  masseter. 

The  lower  jaw  is  modified  for  the  lodgeoient  of  the  pair  of 
long,  curved,  scalpriform  incisofs,  the  sockets  of  which  may 
extend  to  the  middle  (Hare)  or  even  to  the  hind  part  (Beaver, 
Porcupine)  of  the  rainus :  in  the  latter  case  the  prominent  inner 
wall  curves  beneath  the  molar  alveoli  and  forms,  as  in  figs.  236, 
241, 242,  c,  the  lower  part  of  the  horizontal  ramus.  The  condyle, 
crowning  this,  rises  usually  high  above  the  grinders ;  it  is  lowest 
in  the  Capybara  and  some  Cavies :  in  all  Bodents  the  condyle 
is  convex  transversely  and  extended  longitudinally.  The  chief 
work  of  the  teeth  being  by  horizontal  movements  to  and  fro,  all 
that  part  of  the  ascending  ramus  serving  for  the  implantation  of 
the  masseter  is  expanded,  while  that  for  the  temporal  muscle  is 
reduced,  so  that  the  *  coronoid '  process  is  very  small,  and  may 
be  a  mere  tubercle  {Lagomyi\  while  the  angle  of  the  jaw  usually 
forms  the  whole  base  of  the  ascending  ramus,  projecting  below 
its  fore  part,  angularly  in  the  Hare,  fig.  233,  a  i  and  behind  its 
back  part,  extensively  in  Cavies,  fig.  234,  a,  and  Voles,  fig. 
241,  a.  In  most  of  these  it  is  long  and  pointed;  but  is  obtuse 
and  compressed  in  DoUchotisi  it  is  subquadrate  in  Squirrels*  * 
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Bats,  Marmots.  In  manj  KodentB  ihc  angle  is  extended  out- 
ward and  subsidea,  adyancing,  as  a  ridge  upon  the  outer  aide  of 
the  horizontal  ramus,  as  in  fig.  242 :  in  Ctenomys  the  breadtii  of 
the  mandible  exceeds  the  length.  Most  Cavics  show,  alao*  the 
external  ridge  noted  in  the  Capyhara*8  jaw,  below  the  molar 
series.  The  upper  jaw  is  similarly  modified  in  relation  to  the 
masaeter,  e.g.s  in  those  Rodents  which  have  the  fore  part  of  the 
muscle  passing  through  the  wide  antorbital  ▼scuilyy  e»  to  its  peri- 
pheral ridges. 

C.  Bones  of  the  Limbs. — In  this  extenstve  and  ubiqiiltoua  order* 
which  includes  three-fourths  of  the  known  species  of  Mammal*, 
some  have  limbs  ^ving  power  in  running,  soiiio  in  awimmin^. 
some  in  iMirnnving,  some  in  leaping,  some  in  climbing,  and  a  few 
show  modifications  in  relation  to  parachute-like  expansions  of 
integument  for  a  kind  of  ftight 

In  the  Hare,  fig.  229»  the  scapula  is  long  and  narrow»  traTened 
externally  by  a  spine  extending  into  an  acromion  at  an  unnsosl 
distance  beyond  the  glenoid  cavity,  and  there  developing  a  retn>- 
vcrted  process;  the  coracoid  is  compressed  and  introverted.  The 
clavicular  ossicles  are  freely  suspended,  allowing  full  swing  to  the 
fore-limb.  The  humerus,  long,  slender,  and  sigmoid,  has  a  laige 
intcrcondyloid  vacuity.  The  radius  and  ulna  are  in  close  contact; 
the  latter  is  grooved  for  the  reception  of  the  radiuB.  Their  gingty- 
moid  joint  with  the  humerus  restricts  the  movements  to  one  ptaaeL 
The  carpus  has  the  '  os  intermedium,'  fig.  1 9 1 ,  5^.  There  aie  five 
digits,  the  innermost  very  short,  though  with  the  normal  number 
of  phalanges.  The  fore  limbs  are  relatively  shorter  and  strotq^ 
in  the  burrowing  Kaljbits;  the  ungual  phalanges  arc  less  com- 
pressed, and  afford  a  closer  attachment  of  the  broader  claws  hy 
being  cleft  on  the  upper  surface.  Tn  all  Leporidte  the  ilia  nrt 
long  and  subprismatic  where  they  articulate  with  the  sacrum .  the 
joint  being  limited  to  the  first  vertel)ra,  fi<x.  245,  a,  b.  They 
extend  in  advance  of  this  on  each  side  tlio  hist  limibar,  ib.  r/,  ex- 
panding into  a  crista,  c,  which  is  rough  and  slightly  e>  erted  :  the 
ilia  form  with  the  lumbar  series  an  angle  of  165°,  fig.  229.  The 
ischia  have  a  process*  fig*  244,  ^,  above  the  terminal  tuben^-^itu^: 
the  pubic  bones  are  long  and  slender,  meeting  at  a  long  eyniphyais 
produced  into  a  ridge, /* :  there  is  a  *  pectineal '  process,  r/,  near  the 
acetabular  end  of  the  pubis.    The  iliopubic  angle  is  about  ISO". 

The  femur  has  a  third  trochanter  near  the  base  of  the  great 
«)ne.  The  medullary  artery  pierces  the  inner  side  of  the  proximal 
third  of  the  bone,  and  the  canal  extends  liownwanl.  The  fibula 
is  anchylosed  along  its  distal  half  to  the  tibia:  ito  proximal  end 


SKELETON  OF  RODENTIA. 


879 


244 


projects  beyond  the  tibia,  and  ii  M:il)clla'  is  wcdjrod  between  It 
and  the  outer  condyle  of  tliefenmr;  tluTf  is  n  siinihir  sesamoid 
behind  this  condyle,  and  a  third  behind  the  inner  condyle.  The 
patella  is  ossifie<l. 

The  tarsus  shows  the  navicnlarc,  astrarjalus,  calcaneuni  with  a 
long  lever  :  the  nieso-  and  ect/i-cuneit"oriu  bones,  and  the  cuboid. 
There  is  a  sup|)lcniental  ossicle  be- 
neath tlic  astraeralus.  The  navicu- 
larc  lias  a  larj^e  process.  The  inner 
di«rit  is  wantin*;,  and  the  base  of  the 
metatarsal  of  the  second  is  extended 
backward,  like  an  entocuneil'orm,  to 
join  the  navicnlarc. 

In  the  Ilare-like  Cavies  of  South 
America  {Dasyprocta)  the  clavicles 
are  represented,  as  in  the  Hares, 
by  slender  ossicles :  the  supra-  and 
infra-spinal  fossse  of  the  scapula  arc 
of  equal  depth :  the  humerus  is  per- 
forated between  the  condyles:  the 
nufins  and  nlns  haive  become  anehy- 
loeed,  reducing  the  interoMeous  space 
to  a  narrow  diink  near  iheur  proximal 
ends  in  the  Aooochy :  in  an  Agouti 
I  fonnd  this  confluence  not  complete. 
The  fore  foot  is  pentadactyie.  The 
first  row  of  carpals  is  formed  by  the 
scapholunar,  the  cuneiform,  and  a  large  pisiform.  There  is  an '  in- 
termedium '  between  the  os  magnum  and  trapezoides.  The  pollez 
is  shorter  in  the  Agouti  than  in  the  Acouchy.  The  fifth  finger 
is  much  reduced  in  size,  but  has  the  normal  number  of  phalanges. 
The  ungual  phalanges  are  notched  at  their  apex.  The  femur 
gives  a  feeble  indication  of  the  third  trochanter  at  the  middle  of 
its  outer  side.  The  tibia  and  fibula  are  distinct;  a  fabella  is 
attached  to  each  femoral  condyle.  The  foot  has  but  three  digits. 
The  long  entocuneiform  bone  has  coalesced  with  the  inner  side  of 
the  metacarpal  of  the  second  toe — ^here  the  innermost  The 
Bup[)lcmentary  ossicle  crossing  the  articulation  between  the  astn^ 
galus  and  s<-aphoides  is  present  There  is  a  distinct  sesamoid 
beneath  the  joint  of  the  cuboid  with  the  external  metatarsal  (to): 
both  the  navicnlarc  and  cuboid  send  strong  processes  to  the 
plantar  side  of  the  tarsus.  There  are  trochlear  sesamoids  beneath 
the  metatarso-pludangial  joints :  the  ungual  phalanges  are  notched. 
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In  the  prolific  (Juinea-Pi^,  the  )>elvis,  fig.  24.5,  is  lonfr  and 
laterally  conii)ress(Ml,  the  passage  being  much  narrower  tlian  iIk 
tUaineter  of  tlie  head  of  the  mature  fcrtus.  Prior  to  ]Kirturi- 
ti«»n  tlie  syiiipliysial  ligaments  become  soft  and  extensile,  and  tli 
iunomiiiata,  gliding  on  the  sacn)-iliac  joints,  diverge  at  the  >ym- 
physis  to  the  extent  shown  in  fig.  246  during  parturition.  Afttr 
this  process  the  symphysis  quickly  returns  to  its  former  or  nuniui 
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state,  and  in  a  few  days  presents  only  a  little  thickness  and 
mobility.  The  young  of  the  Guinea-Pig  are  far  advaoced  a: 
birth,  sfune  of  the  deciduous  teeth  are  shed  in  utero^  and  thcj 
run  about  and  begin  to  eat  soon  after  they  see  the  light. 

In  the  Water-Hog,  or  Capybara,  there  is  no  complete  clavicle. 
The  acromion  is  long  and  slender,  and  bifid  at  its  extremity,  wt!; 
the  loDiicer  division  directed  downward.  The  humerus  is  widely 
perforated  between  the  condyles,  but  not  above  the  inner  condyle: 
both  this  bone  and  the  ulna  are  solid.  The  scaphoides  and  lunare 
are  connate.  The  poUex  is  wanting  in  the  fore  feet,  and  botli 
the  hallux  and  the  fifth  toe  are  wanting  on  the  hind  feet  The 
ungual  phalan|ires  are  short,  obtuse,  and  broad. 
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The  Beaver,  fig.  230^  ia  a  member  of  that  great  diinusion  of  the 
Bodentia  in  which  the  clavicles  are  complete :  the  acromion  BcapulsB 
bends  toward  and  joins  that  bone.  In  the  humerus  the  deltoid  ridge 
has  a  tuberosity :  both  the  intercondjloid  space  and  the  internal 
condyle  are  imperforate:  a  coarse  cancellous  structure  occupies 
the  middle  of  the  shaft.  The  radius  and  ulna  are  distinct  The 
femur  shows  the  slender  neck  and  lofty  trochanter  common  to 
most  Bodents;  it  has  a  third  trochanterj  and  has  no  medullary 
cavily.  The  rotular  surface  is  distinct  from  that  of  the  condyles. 
A  section  of  the  tibia  and  fibula  also  shows  the  absence  of  iJiat 
cavity,  and  the  complete  confluence  of  the  compact  walls  of  the 
two  bones  at  the  lower  third  of  the  fibula.  The  projecting  part 
of  the  calcaneum  is  depressed.  The  toes  are  longer  and  stronger 
than  the  fingers,  they  support  a  broad  foot  which  is  webbed,  and 
the  second  toe  has  a  double  oblique  nail  or  broad  daw. 

In  our  Water-Vole  {Arvieola  amph^ia)  the  acromion  of  the 
scapula  is  long  and  bent  downward ;  its  inferior  process  is  feebly 
developed.  The  deltoid  process  of  the  humerus  is  prominent 
and  well-defined,  compressed^  and  bent  downward.  There  is 
a  minute  perforation  between  the  condyles,  but  none  above  the 
inner  one.  The  bones  of  the  fore-arm  are  in  contact  and 
closely  united,  except  at  the  narrow  space  near  their  proximal 
ends.  The  poUex  is  represented  by  its  metacarpal  bone.  The 
femur  has  a  third  trochanter,  with  two  patellae  in  front  of,  and  two 
fabeUsB  behind,  the  condyles.  I  have  found,  also^  a  small  ossifi- 
cation at  the  anterior  end  of  each  semilunar  cartilage.  The 
fibula  is  anchylosed  to  the  tibia  at  both  its  extremities.  The 
entoeuneiform  is  long,  and  applied  to  the  inner  side  of  the  base 
of  the  second  metatarsal,  but  it  supports  a  short  metatarsal  with 
the  first  and  ungual  phalanx  of  its  proper  digit,  the  hallux* 

Rodents  burrow  chiefly  for  concealment,  rarely  for  food: 
the  Rabbit  needs  but  a  slight  modification  of  the  limbs,  as  com- 
pared with  the  surface-dwelling  Hare,  to  excavate,  in  loose  soil, 
its  retreat.  Perhaps  the  *  Mole-Kats '  of  the  Cape  are  the  best 
burrowers  of  the  order.  In  Bathyergua  the  upper  border  of 
the  scapula  describes  an  open  angle ;  its  outer  surface  is  nearly 
equally  bisected  by  the  spine,  wMch  rises  to  an  unusual  height, 
and  sends  off  a  remarkably  long  suhtrihedral  acromion,  the  ex- 
tremity of  which  appears  as  a  thick  epiphysis  bent  toward  the 
long  an<I  strong  clavicle  with  which  it  articulates.  A  well* 
marked  deltoid  process  stands  out  from  the  middle  of  the  shaft 
of  the  humerus,  which  is  imperforate  at  its  distal  end.  The 
olecranon  is  unusually  thick  and  expanded.    The  femur  shows  a 
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rudiment  of  a  third  troclianter.  The  fibuk  b  anchylosed  to  die 
tibia.  A  remarkable  aocesfiory  ossicle,  articulated  to  the  toml  n 
uaviculare,  projects  inward  like  an  aoceasory  or  sixth  digit  of  tlie 
hind  fool  As  in  other  burrowing  animals,  the  lumbar  and  pelvk 
regions  are  narrow. 

In  the  Marmot  {Arctomys)  the  clavicles  are  complete  and 
stroug.  The  acromion  is  long  and  bifurcate,  the  anterior  di^^sion 
curves  to  tlie  clavicle.  The  luimeriLs  shows  a  thick,  but  not  pn*- 
mincnt,  deltoid  rid<j;e :  it  is  perforate  between  the  coudylei  aiui 
aljove  the  inner  condyle.  The  antibrachial  bones  admit  of 
rotation.  In  the  femur  there  is  a  rudiment  of  the  third  tn>- 
chanter :  the  til)ia  is  luit  contluent  with  the  filnila.  In  all  tlie 
llat-tribc  the  clavicles  are  entire :  the  distal  part  of  the  fibuk 
coalesces  with  the  tibia.  lu  the  Dlack  Rat  {Mns  rnttita)  the 
deltoid  ru\rre  is  angular,  and  commences  near  the  u|>per  end  ; 
the  humcnis,  which  is  im])erforatc  at  the  lower  extremity.  A 
strong  ridge  rej^resents  the  third  trochanter  of  the  feiniir.  There 
is  a  fabella  behind  each  condyle.  In  an  Australian  Kiit  ( Ilofn- 
lofi.^  a  If)?  pes)  the  Inimeriis  is  j)erf"orated  between  the  coiul\!>:\ 
The  radins  and  idna  are  moveably  united.  There  is  a  thinl 
trochanter  in  the  femur.  In  the  Hydromys  the  deltoid  ri<ke 
projects  £rom  the  fore  part  of  the  proximal  half  of  the  humeniN 
and  is  prominent  below.  The  humerus  is  imperforate.  The  ulm 
sends  a  process  to  abut  against  the  radius  across  the  middles: 
the  interosseous  space.  The  fore  foot  is  pentadac^le,  bat  tiie 
pollex  does  not  exceed  the  length  of  the  metacarpus  of  tit 
index.  The  femur  has  a  third  trochanter  and  a  fid^ella  behinj 
each  condyle.  The  hallux  extends  to  the  second  phalanx  of  th^ 
next  toe.  The  strength  of  the  hinder  half  of  the  skeleton,  witt 
the  size  of  the  hind  extremities^  contrasts  'with  llie  slendemess  of 
the  fore  part  in  most  Bats,  and  espedallj  in  tlus  lai^  Austnliu 
aquatic  kind. 

Among  the  leaping  Rodents  the  following  noteworthy  dn- 
racters  of  the  limb-bones  are  seen  in  the  Great  Jerboa  of  ^ 
Cape  (Helamys),  The  lower  oosta  of  the  scapula  forms  an  teott 
angle  with  the  base,  and  the  infraspinal  fossa  is  much  bioider 
than  the  supraspinal  one,  the  spine  of  the  scapula  curving  towari 
the  upper  angle.  The  acromion  is  moderately  long  and  slender,^ 
tuberosity  answering  to  the  lower  division  of  that  in  the  CamU^ 
The  clavicles  are  strong,  and  curved  backward  at  their  outer  bitt 
The  humerus  is  perforated  at  the  inner  condyle,  but  not  betweeo 
the  condyles.  The  bones  of  the  lorc-  ii  iu  have  a  lont'  and  lrii< 
interosseous  space,  and  allow  ol"  free  pronation  ' 
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band  is  pentadactyle^  and  the  whole  anterior  extremity  much 
shorter  than  the  posterior  one.  The  iliac  hones  extend  upward 
eonsiderahly  above  their  junction  with  the  anterior  sacral  verte- 
br»,  and  curve  outward.  The  tuberosities  of  the  ischia  are  vai» 
usually  developed.  The  obturator  vacuities  are  very  extensive, 
the  size  of  the  pelvis  according  with  that  of  the  hinder  extre- 
mities. The  great  trochanter  is  of  unusual  length,  is  expanded 
and  slightly  bent  at  its  extremity.  The  fossa  upon  the  neck  of 
the  femur  is  unusually  deep ;  there  is  no  third  trochanter.  The 
medullary  artery  enters  on  the  inner  side  of  the  base  of  the 
small  trochanter.  The  slender  fibula  coalesces  with  the  lower 
third  of  the  tibia,  but  both  its  extremities  are  free,  and  the  lower 
one  is  detached,  as  in  the  Chevrotain,  from  the  rest  of  the  bone. 
The  calcaneum,  astragalus,  and  cuboid  are  all  ranarkable  for 
their  length :  the  scaphoid  sends  a  long  and  thick  process  down- 
ward and  forward  to  beneath  the  middle  cuneiform  and  the  base 
of  the  inner  metatarsaL  There  are  four  distinct  metatarsals  and 
four  toes.  An  oblong  ossicle,  attached  to  the  inner  side  of  the 
base  of  the  inner  metatarsal,  may  be  a  rudiment  of  the  metatarsal 
of  ihit  hallux. 

In  the  Smaller  Jumping  Mouse  {Dipus  Saffitta)^  fig.  232,  may 
be  noticed  the  large  sixe  of  the  ischium,  as  compared  with  the 
ilium,  and  the  coalescence  of  the  metatarsals  of  the  three  middle 
toes  into  one  bone,  m,  as  in  Birds.  Both  hallux  and  little  toe  are 
wanting.  The  lower  half  of  the  slender  fibula  is  anchylosed  to 
the  tibia. 

The  climbing  Squirrels  (Sciuridd)  have  four  digits  on  the  fore 
foot,  and  five  digits  on  the  hind  foot,  conversely  to  the  ffelamys. 
All  possess  complete  collar-bones.  In  Sciurus  maximus  the 
acromion  is  bent  almost  at  right  angles  with  the  spine  of  the 
scapula,  and  it  terminates  in  three  prominences :  the  oorscoid  is 
unusually  long.  The  humerus  is  perforate  above  the  inner 
condyle,  but  not  between  the  condyles.  In  the  femur  the  small 
trochanter  is  unusually  prominent:  there  is  also  a  trochanterian 
ridge  below  the  base  of  the  great  trochanter.  In  the  Grey 
Squirrel  (8e»  emereus)  the  scapula  is  remarkable  for  the  num- 
ber and  strength  of  the  intermuscular  eristic :  of  these,  that 
which  is  oommonly  called  the  '  spine '  is  the  largest,  its  breadth 
being  equal  to  that  of  the  infraspinai  fossa :  this  fossa  is  bounded 
by  a  second  ridge,  fnimcd  anteriorly  by  the  outwardly  bent 
lower  coMta,  but  being  distinct  from  the  costa  at  its  posterior 
third.  The  two  principal  masses  of  the  *  subscapularis '  muscle 
are  divided  by  a  longitudinal  crest,  like  the  spine,  rising  from 
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the  inner  surface  of  the  scapula.  Both  the  acromion  and  coracoid 
are  well  develoj^ed.  _ 

The  humerus  is  perforated  above  the  inner  condyle  :  this  is  a 
tuberosity  which  appears  to  be  supported  by  four  convei^ng 
columnar  ridges  or  processes.    The  deltoid  and  supinator  riilgea 
are  well  marked.    The  shaft  of  the  ulna  is  much  compressed :  its 
distal  portion  coalesces  with  that  of  the  radius.    In  the  earpm* 
an  accessory  *  intermedium  '  is  wedged  between  the  scaphoid  and 
trapezium.    The  bones  of  the  poUex  support  the  tubercle  that 
outwardly  represents  that  digit ;  the  Squirrels  favourite  nut  i* 
mainly  held  between  the  Mhumb  tubercles'  when  oi>cratc<l  .m 
by  the  chisel-teeth.     In  the  pelvis  the  epicotyloid  tubercle  b 
strongly  developed  :  the  ilia  articulate  ^nth  the  first  sac  ral  ver- 
tebraj  exclusivelv,  but  the  ischia  abut  against  the  long  transverse 
processes  of  the  first  caudal:  beyond  this  vertebra  the  i»chia 
develope  on  each  side  two  tuberosities,  one  at  the  usual  place, 
the  other  and  stronger  one  near  the  lower  end  of  the  s\-niphysis. 
The  femur  shows  an  almost  equal  developement  of  the  three 
trochanters.    The  medullary  artery  enters  on  the  inner  side  of 
the  shaft,  just  below  the  small  trochanter. 

The  tibia  and  fibula  coalesce  distally.     There  is  an  inter- 
articular  ossicle  in  the  knee-joint;  a  patella;  and  two  fabell*, 

247 


one  behind  each  femoral  condyle.  In  the  tanv  an 
accessory  ossicle  is  wetlged  between  the  calcaneum, 
astragalus,  naviculare,  and  ent<x!uneiforme. 

Tlie  little  Flying  Squirrel  (Pteromi/s  vnlncella),  fig. 
247,  is  chiefly  remarkable  for  the  long  and  strong  access<iry  carti- 
lage, a,  projecting  fn»m  the  ulnar  side  of  the  carpus,  which  aids 
in  supporting  the  lateral  fold  of  integument  serving  as  a  iiara- 
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ebate  to  support  this  light  and  delicate  Bpecies  of  Rodent, 
fig.  154,  in  itB  long  Hight-like  leaps  from  bough  to  bough.  In- 
creased sttfVhess  and  resistance  are  imparted  to  the  bones  of 
the  arm  by  the  anchylosis  of  the  radius,  64,  and  ulna,  55,  at 
their  distal  halres.  The  tibia,  66,  and  fibula,  67,  are  similarly 
united. 

There  are  few  generalisations  deducible  from  the  limb-bones  of 
JRodentia,  The  absence  of  davicles  accords,  in  the  main,  with 
natural  groups;  but  Lagomys  is  an  exception  among  LepcridiB 
and  CkinehiUa  among  Ht/stricida,  Wth.:  most  non-claTicuIate 
Rodents  have  the  tibia  and  fibula  distinct 

Among  the  bones  of  the  splanchnoskeleton  may  be  noted  the 
'OS  penis,'  which  is  present  in  most  members  of  the  Rodent 
order. 

{  182.  SkeUfym  of  Imeethora, — The  present  like  the  preceding 
Lissencephalous  order  has  species  organised,  not  only,  as  in 
Hedgehogs,  for  ordinary  terrestrial  progression,  but  also  for  leap- 
ing and  swimming,  and  in  a  more  especial  degree  for  burrowing 
and  flying. 

A.  VtrtAral  Odumn* — ^In  the  Hedgehog  the  vertebral  for- 
mula is : — 7  cervical,  15  dorsal,  6  lumbar,  d  sacral  (or  l  5,  s  4), 
and  14  caudal  The  transveree  processes  of  the  last  cervictd  are 
not  perforated*  All  the  processes  are  small  throughout  the  verte- 
bral colunm,  and  ofier  no  impediment  to  the  free  inflection  of  the 
spine  required  in  the  defensive  array  of  the  prickly  integument. 
The  sacrum  is  narrow  and  articulates  by  three  vertebr»  with  the 
ilia:  these  form  an  angle  of  130°  with  the  spinal  column :  the 
ilio-pubic  ai^le  is  about  150*^:  the  symphysis  is  short  and  the 
pelvic  outlet  lai^e«  The  neural  canal  is  widest  in  the  cervical 
region,  contracts  towards  the  middle  of  the  back,  and  expands  a 
little  in  the  loins.  Seven  pairs  of  ribs  directly  join,  by  hsema- 
pophyscs  often  ossified,  the  sternum,  which  consists  of  four  bonee. 
The  cancellous  structure  of  the  vertebns  is  light  and  open. 

The  Tenrecs  (Cmfefef)  have  19  dorsals  with  5  lumbar  ver- 
tebra, and  the  neural  spines  are  longer  on  the  anterior  ones  and 
the  contiguotts  cervical  vertebra,  in  relation  to  the  laiger  skull 
and  more  powerful  jaws  of  these  tropical  Hedgehogs. 

In  the  lea|nng  MaeroteelideM,  with  d  13,  /  7,  the  neural  spines 
of  the  hinder  dorsal  and  lumbar  vertebra  are  longer,  and,  with 
those  anterior  to  them,  indicate '  a  centre  of  motion '  of  the  trunk. 
The  caudal  vertebra  are  more  numerous  and  have  haimapophyses 
in  part  of  the  scries.  This  part  of  the  skeleton  is  also  well  deve- 
loped in  the  olimbing  Tnpaias. 
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In  the  burrowiiifr  Mole,  fig.  248,  the  first  sternal  bone,  or 
manubrium,  is  of  unusual  length,  being  much  [)roduce(l  lorwunl 
and  its  under  surfaoc  downward  in  the  shape  of  a  deep  ktrl  for 
extending  the  origin  of  the  jicctonil  muscles.  Seven  pairs  of 
ribs  directly  join  the  sternum^  which  cousists  of  four  bones,  ia 
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addition  to  the  manubrium  and  an  OBBified  ensiform  nppn- 
dage.  The  neural  spines,  which  are  almost  obsolete  in  the  firgi 
eight  dorsab,  rapidly  gain  length  in  the  rest»  and  are  aDtro- 
yerted  in  the  last  two  dorsal  yertebro.  The  dtapophyses,  being 
developed  in  the  posterior  dorsals,  determine  the  nAtore  tbe 
longer  homologons  processes  in  the  lumbar  yertebne.  In  these 
the  neural  spines  are  low,  but  of  considerable  antero-poiteriiii 

extent :  the  diapophyses  are  bent  forward  id 
the  last  four  vertebra:  a  smaU,  detschel 
wedge-shaped  hypapophysis,  fig.  249,  C,  «,  ■ 
fixed  into  the  lower  interspace  of  the  bodiei 
of  these  yertebne. 

The  ossa  innominata  have  coalesced  with  the 
sacrum,  fig.  248,  s,  but  not  with  each  other,  tbe 
pubic  arch,  64,  remaining  open.  The  bodies  of 
the  sacral  vcrtebnc  arc  blended  together  and 
are  carinate  below :  their  neural  spinet^  have 
coalesced  to  form  a  high  ridge.  The  acetabuh 
look  almost  directly  outward.  In  the  ceni- 
cal  series  the  odontoid  process  shows  a  sharj)  hypap<:>phygi?: 
the  neural  spine  of  the  dentata,  fig.  249,  A,  2,  is  large  and  ex- 
tended back  over  the  third  vertel)ra  :  the  neural  arclics  of  t^i? 
and  the  succeeding  vertebra?  form,  above  the  zygapophyses,  thin 
simple  arches,  without  spines ;  the  transverse  processes  of  tht 
fourth,  fifth,  and  sixth  cervicals  are  produced  forward  and  back- 
ward, and  overlap  each  other,  ib*  4—6:  in  the  seventh  thox 
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processes  are  reduced  to  tubercular  diapophyses  wliit  li  are  not 
perforated ;  the  bodies  of  the  vertebrsD  are  depresjsed  and  quadrate, 
ib.  li. 

Amoiif;  tlie  volant  Inseotivora  tlic  vertebral  formula,  in  Ves- 
jwrtilio  murinns,  *;ivcs — 7  cervical, *12  dorsal,  7  lumbar,  'i  sacral, 
and  12  caudal.  The  chiot' cbaractcristics  of  the  trunk-skeleton  in 
Batis  are  :^ — the  ijradnal  diminution  of  size  of  the  spinal  column 
from  the  cervical  to  the  sacral  regitms ;  the  absence  of  neural 
spines,  a  keeled  stern  inn,  and  a  feeble  slender 
|)€lvis.  In  a  fVugivorons  Hat  (  Pferopus  fus- 
cus,  find  the  followiiii^  vertel)ral 

formula:     7  cervical,  14  don-^al,  4  lumbar, 
and  G  sacral.     The  keel  of  the  larLre  mann- 
brium  sterni  is  jiroduced  into  a  j)roccss  at 
each   anjxle :   the  three  succeedinj;  sternal  ' 
bones  are  carinate :  seven  pairs  of  ribs  di- 
rectly join  the  sternum.    The  narrow  sub- 
cylindrical  ilia,  fig.  250,  a,  coalesce  with  the 
sacral  vertebrie,  and  are  parallel  with  the 
spinal  column :  the  pubis,  ib.  b,  is  continued  in 
iUum  to  the  symphysis, 
ib.  Cy  which  is  but  slightly 
closed  in  the  male,  and 
remains    open    in  most 
female  Bats.    There  is  a 
•  j^ectincal '  process,  ib.  /i, 
in  Pteropus.  The  ischium, 
ib.  df  joins  the  last  sacral 
vertebra  and   defines  a 
sacrosoiatic  foramen.  The 
acetabula  look  backward  (dorsad)  as  well  as  outward. 

B.  The  SkulL — This,  in  Pteropus  and  Galeopithecus,  fig.  253, 
manifests  the  lisBencephalous  affinity  by  the  squamosal  being  per- 
forated by  a  venous  canal  behind  tiie  root  of  the  zygoma,  by  the 
suspension  of  the  malar,  2g,  in  the  zygoma,  by  the  distinct  petro- 
tympanic, 28,  by  the  vertical  occiput,  small  cranial  cavity,  and 
blended  orbital  and  temporal  fosss.  The  orbit  is  partly  defined 
behind  by  long  and  slender  processes  of  the  frontal,  ib.  which 
18  perforated  by  a  superciliary  foramen.  The  parietals^  ib.  7> 
usually  coalesce  at  the  sagittal  suture,  bat  rarely  develope  a  crest 
The  occipital  condyles,  ib.  a,  are  terminal,  and  the  plane  of  the 
foramen  is  verticaL  The  basioccipital,  i ,  is  a  aubquadrate  plate. 
The  lacrymal,  ib.  78,  is  in  great  part  fadaL    The  palatines,  so, 
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and  high  coronoiJ  prin- 
cess :      the    angle  t 


akaU  of 


are  entire.  In  Pttropus  the  palatal  processes  of  the  maxillary,  si. 
show  a  long  fissure  :  those  of  the  premaxil lanes,  ib.  -22,  are  (li\i(le(l 

bv  a  triaiiiTular  '  Ion- 
men  incisivum.'  The 
mandible  has  a  broad 

rounded.  In  Gnleopi' 
t  her  us  the  corouoid  it 
small. 

In  the  cranial  cavity 
the  rhinencephahc  fo?^ 
is  large  and  well  de- 
fined. The  petrosal 
flhows  a  deep  cerebel- 
lar foBsa,  overarched  bj 
the  vertical  semicircuir 
canal  The*  sella' k 
no  dinoid  proceMeB^ 
In  moat  inaectivorona  Bata  the  occipital  condyles  are  sob- 
terminal,  the  attperoccipital,  fig.  254,  »,  sloping  backward,  anc 

contributing  to  the  cmti 
continued  forward  I7 
the  interparietil  ai 
parietal  bonea.  Thew* 
cipital  foramen  is  tot 
large.  The  mastoid,!, 
is  large  and  dislinci, 
gi>nng  attachment  to  tk 
tympanic,  28.  Thelaa- 
sphenoid  is  broad  lod 
flat  as  in  Ptcroptis,  fi|. 
252,  5.  The  frontal  ha 
no  postorbital  procesi 
The  zygomatic  parts 
the  squamosal,  2:,  an: 
malar,  26,  are  slcmitr 
The  premaxillaries  ar^ 
very  small :  in  some  Bat* 
they  are  wanting  ( 
nolophus),  or  are  roprr 
sented  by  separate  moie- 
ties attached  to  the  fore-part  of  the  maxiUariea.    The  mandible 
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has  the  ann;le  usually  profluood,  fig.  2.54,  A.  The  malleus  and 
iucus  are  united  ;  tlie  crura  of  the  stapes  are  long  and  slender. 

The  skull  of  the  Mole  (^Talpa,  fig.  255)  is  subdepresaed, 
pyrifonn,  large  be- 
hind, tapering  to  the 
fore-part,  which  is 
prolonged  by  the 
prenasal  ossicle,  n. 
The  outer  surface 
of  the  cranium  is 
smooth  and  devoid 
of  crests  :  it  is  re- 
markable for  the 
extension  of  the 
superoccipital  upon 
its  upper  part,  and 
for  the  expanded 
mastoids.  The  verv 
bones.  The  petrosal  is  largely  and  deeply  excavated  by  the 
cerebellar  fossa.     The  rhi- 
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^lender  zvtromata  show  no  distinct  malar 
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large 
rhe  basi- 
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nciiccphalic 
and  well  defined. 
occij)ital  and  basi>|»licnoid 
are  thick  and  of"  a  fine 
spongy  texture.  The  orbit 
is  no  way  defined  from  the 
tem])oral  fossa:  the  antor- 
hital  foramen  is  large.  In 
the  Cape  Mole  {  Chnjsochlo- 
ris)  the  cranium  rcscnd)lcs 
that  of  the  bird  in  its  thin 
Bmooth  convex  walls,  its 
great  transverse  and  verti- 
cal diameters,  it^*  allocation 
at  the  back  of  the  skull,  and 
by  the  transverse  crest  ex- 
tending, a8  in  some  sea- 
birds,  from  one  mastoid,  over 
the  vertex,  to  the  other. 
The  base  of  the  zvsromatic 
process  of  the  s<[uamoKid  is 
deeply  excavated  anteriorly,  and  the  zyg(»mata  converge,  straight, 
to  the  maxilla.    Some  Shrews  {Amphisorex)  have  no  zygomata. 


Mulr :  Baguiilcd. 


m  AXATQUr  OF  YBBTBBRATlfiB. 

1m  ^  Hecbsebcift  tlie  «<iimiiosal  is  tnTersed  hy  a  vertical  Tenons 
MOUh.  TV  nuLu*  is  apf^ied,  like  a  splint,  along  the  outer  mud 
vsMT  jtii^  «f  libe  juwtctxm.  of  the  zygomatic  with  the  maxillmry. 
Tt^  cmmaJ  cmriiT  show  the  rhinenccphalic  compartment  to  be 
linear  e^inai  im  «ue  with  the  epencephalic  one;  the  petroeal  is 
m  <«rebeilar  Ibssa.  The  nasal  passage  terminrntea 
K^r.-nZ  iz  a  Veen^pberic  excavation  of  the  basisphenoid ;  and 
7>.i&  NriT:  f  \T«&ds  ootwmrdlT  to  foim  the  floor  of  the  tympmnio 
-T^.    Ttxvt  are  r<r<'  t^^Uoi^  TmcaitieB  in  the  palatal  bones. 

It.  die  CTi-«»a;-«  the  K>ny  palate  is  entire.  The  premaxillariea 
>  t.r.  fhe  ar.r<ri«c  halt'  <  the  nasals.  The  lacrvmal  perforation  is 
;t,  a  janL«  as  the  foie-pait  of  the  orbit,  which  is  not  defined 
rvKjf:  ncflftjwra!  fv^^sa.  The  xvgomatic  process  of  the  sqnm- 
j.ie^  mnd  «Jender,  joining  that  of  the  maxillary.  The 
Kft»^:o>^'4i  fgEpands  to  form  the  floor  of  the  t>*mpanic  eavrty. 
TV  #:uve\wnjv.ttLl  an !  ]xanotal  crests  are  well  developed.  The 
TCsro^c^vii  «  poeffxcied  lexigthvise  hv  an  ectocarotid  canaL 

l\  itlAfe'r*  rJkie  Urnth^- — All  the  Insectivora  have  peHeet 
^"tit^i^j^ik.  The  «e«pula  of  the  Hevlgehog  is  afanost  as  long  as  the 
T))e  mcnxnion  i»  bilobed:  the  eorsooid  produced  and 
t^'vU  rSe  Kusien»  k  perfmted  between  the  condyles.  The 
av .  Srsk>^-.a^  ar^  d^tinct*  but  closdj  connected  together :  the 
Vtrj:  :V  Wv^K'  and  more  compressed.  The  carpns  consists 
«>f  a  ^'4it^iiSvv;;:iar  Kmms,  a  enneiforme  and  large  pisifonne,  a 
trM\x"5;u'sav  iTfcwsv^iesi,  mjurnixm  aiHi  uncifonne.    A  sesamoid  is 

^  *  *^ 

a  S4>  she  v«s'-  'o  ^<  iho  l^ase  of  the  metacarpal  of  the 

^VvL'.'.J^  '  The  ^bola  ».\«Ie>ces  at  its  distal  end^ith  the 

%..s.a.  V^e  e<^vusiei:\v«  and  caboides  are  elongated.  The  foot 
^  ^x^?:;*HWt>>  aisl  )4ant%pnade. 

Iw.l.A^jr  she  railiusand  olnm  are  closely  united,  and  the 
as*iy«rs  a  slonJcr  prvx*ess  ascending  from  the  middle  of 
t.S:  l^^^a»  In  tho  prv>K>M'idiHn  Shrotv  (  Rht/nchoc^on)  the  poller 
^  «a»^'.'«^«  an^i  the  nfih  digit  has  hut  two  phaiaioges ;  l>iif  the 
'.'.NwAk  HHNlv.ir^  aiui  sinaularis  preskMit  the  normal  number  of  phm- 
Uv^-H  *tu^\M:u\i  ivn  long  metacarpals.  Besides  the  usual  eight 
ihere  is  an  *  intt  imcdium  *  between  the  scaphoid,  trape* 
i\u%vi«  tt*Hix  •ix  and  magnum.  In  the  hind-foot  there  is  a 
VKKUi^H-.-;  X  f  the  u>cti(tars:d  of  the  first  toe,  and  the  fifUi  has  the 

t'he  Mvv*^^  o\hibu  the  extremes  of  modification  of  the  fore-limb 
^  u»  the  power  ot*  makiiig  progress  in  earth.    In  TaJptt 
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eitropcea  the  scapula,  fig.  256,  52,  combines  ornithic  pro[>ortions 
with  unusual  strength  ;  its  length  exceeds  its  extreme  breadth 
by  six  times  :  it  is  trihedral,  save  at  the  middle,  which  is  cylindri- 
cal :  the  spine  is  co-elongate,  and  developes  an  acromion  liga- 
mentously  connected,  for  freedom  of 
movement,  with  the  clavicle.  This 
bone,  ib.  58,  is  cubical — an  unique 
form  in  Vertebrata.  The  humerus, 
fig.  256,  53,  fig.  257,  is  a  sub- 
quadrate,  lamelliform  bone,  vnXh  a 
proximal  articulation  for  the  clavicle, 
68,  as  well  as  for  the  scapula,  b,  c. 
The  inner  tuberosity  swells  out  with 
the  deltoid,  and  pectoral,  />,  ridges 
into  an  enormous  convex  crest,  divi- 
ded by  a  short  and  deep  emargina- 
tion  from  the  inner  epicondylar  pro- 
cess, 1,  the  base  of  which  is  perforated  by  the  median  nerve. 
The  outer  tuberosity,  t,  is  produced  and  unciform ;  and  a  long 
and  deep  emargi  nation  divides  it  from  the  retro  verted  produc- 
tion of  the  radial  condyle,  o.  This  condyle  offers  a  convexity 
to  the  head  of  the  radius,  fig.  257,  54.  The  olecranon,  fig. 
257,  55,  expands  transversely  at  its  extremity,  and  the  back  j)art 
of  the  ulna  is  produced  into  a  strong  ridge  of  bone.  The 
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carpus,  fig.  258,  consists  of  the  usual  eight  bones  in  two  rows, 
viz.  *  scaphoid  '  .v,  lunare  /,  cunciformc  r,  pisiformc  //;  trapezium  t, 
trapezoiiles,  magnum  wi,  imcifonnc  w  :  with  an  *  intermedium,'  o, 
and  a  second  sabre-shapc<l  accessory  ossicle  at  the  radial  side  of 
the  carpus.    The  ungual  phalanges  arc  bifid. 


S9S  AHATQMT  OF  VERnSBATBS. 

In  the  Cape  Mde  (C%f3fjodbl9ru)  the  davide  is  long:  tlie 
hnnifinis  is  short  and  aiciuitey  with  a  single  proximal  articnlatioii. 
The  radios  and  uhm  coalesce.  The  carpus  consists  of  a  sci^phoid, 
usually  confluent  with  a  trapesoid,  fig.  259>«,  t;  a  lonare*  of 
small  size»  articulated  to  bolh  radius^  S4,  and  idna,  and  present- 
ing the  opposite  and  larger  surface  to  the  magnum,  m ;  a  still 
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smaller  cuneiforms ;  and  a  pisiforme,  p,  in  the  form  of  a  long 
subcylindrical  bone  extending  from  the  carpus  to  the  humerus, 
and  simuUting  a  third  antibrachial  bone.  On  the  outer  side  of 
the  ma«xnum,  w,  is  a  small  unciforme  supporting  a  rudiment  of  a 
fourth  metacarpal.  The  functional  digits  are  but  two  :  the  pol- 
lex  is  represented  by  a  metacarjxil  and  two  short  phalanges,  the 
second  being  styliform,  i :  the  index,  ii,  consists  of  a  short  meti^ 
carpal,  a  phalanx  representing  the  first  and  second  confluent,  l,  s, 
and  a  larger  ungual  phalanx,  3,  cleft  at  the  end.  The  medius, 
III,  is  of  monstrous  proportions :  its  metacarpal  is  broader  than 
long,  to  wliich  articulates  an  enormous  ungual  phalanx,  lii,  bifor* 
rate  through  the  depth  of  the  terminal  cleft,  A  metacarpal  re- 
presentative of  the  fourth  digit,  iv,  is  firmly  articulated  with»and 
strengthens  the  base  of,  the  third  digit. 

The  volant  Insectivora  are  as  remarkable  tor  the  length  and 
HliMulerness  o(  the  arm-  and  finger-bones,  as  the  fossorial  species 
<\Mr  the  opposite  pro|M>rtions.  The  Common  Bat  ( Vesprrtih'tt 
mmfink^*)  hai«  long  and  strong  bent  clavieles:  broad  scapula* : 
tVv^pUrd  humeri :  still  more  elongateil  and  slender  radius  aii<l 
HKiecaiyali  and  jihalaiigea  of  the  four  fingers^  which  are  without 
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daws,  the  thumb  being  short  and  provided  witb  ft  daw :  the 
pelvis  IB  small,  slender,  and  open  at  the  pulns:  the  fibula  is 
absent,  like  the  ulna  in  the  fore-arm:  and  a  long  and  slender 
styliform  i^pendage  to  the  heel  helps  to  sustain  the  eaudo-iemoral 
membrane* 

In  the  firugivorous  Bat  (Pteroptu,  fig.  156)  the  elayides,  m, 
are  long,  ardied,  and  very  powerfuL  The  humerus,  53,  is  long, 
slender,  gently  sigmoid.  The  ulna,  55,  is  slender,  and  terminates 
in  a  point  at  the  lower  third  of  the  radius,  54 :  the  olecranon  is  a 
detadied  sesamoid  ossidew  The  index,  11,  hss  a  daw  as  well  as 
the  poUez,  i :  the  ungual  phalanx  is  wanting  in  the  other  three 
digits,  in  which  the  second  phalanx  is  long,  slender,  and  tenni- 
nates  in  a  point  The  femur,  65,  is  straight,  half  the  length  of 
the-  humerus:  the  tibia,  66,  is  more  slender,  rather  longer  than 
the  femur:  the  fibula  is  in  the  form  of  a  slender  style  ascending 
from  the  outer  malleolus  and  terminating  above  in  a  point  The 
inner  digit  of  the  foot,  i,  is  a  little  separated  firom  the  other  four, 
o,  which  are  of  equal  length,  and  imguiculate  for  suspending  the 
body. 

In  the  Colugo  {Gnleopiiheeus)  the  ulna  terminates  in  a  point 
at  the  lower  fourth  of  the  radius :  dl  the  five  digits  of  the  hand, 
like  those  of  the  foot,  have  cUws  supported  on  deep  compressed 
ungud  phdanges. 

Amongst  the  most  remarkable  bones  of  the  scleroskdeton  is 
the  ossification  of  the  rapb^  between  the  lateml  masses  of  the 
muscles  of  the  nape,  forming  a  styliform  bone  coextensive  with 
the  cervicd  vertebra,  in  the  Mole.  The  patella  in  the  triceps 
extensor  cruris,  and  the  fabelle  in  the  tendinous  origins  of  the 
gastrocnemii,  are  present  in  most  Insectivora.  The  os  penis  is 
also  found  in  this  order. 

{  183.  Skeietim  of  Bruitu — A.  Vertebral  Column, — In  the 
loricate  or  Armadillo  fiuiily  this  is  remarkable  for  the  pre- 
vdence  of  anchylosis  in  unusual  parts,  e.  g.  the  cervical  region, 
and  throughout  the  dorso^lumbar  regions  in  the  great  extinct 
Glyptodonts,  which  have  their  cuirass  in  one  piece. 

In  the  Nine^banded  Armadillo  {Dasyput  Peha,  fig.  260),  the 
vertebrd  formula  is : — 7  cervicd,  10  dorsd,  5  lumbar,  8  sacrd, 
and  16  caudd.  The  spine  of  the  dentate  is  compressed,  lofty,  and 
developed  backward  beyond  those  of  the  third  and  fourth  cervicds, 
with  which  it  has  partially  coalesced :  a  corresponding  codescence 
has  taken  place  between  the  bodies  of  these  vertebra,  which  are 
unasually  broad  and  fiat  below.  The  diapophysid  part  of  the 
transverse  processes  of  the  last  cervicd  abuts  against  the  tuberde 
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of  the  first  broad  dorsal  rib:  the  pleura j)ophy si al  part  «»r  th* 
bamc  truubverse  process  is  broad  and  short,  aud  cxtcu<L>  dowu- 
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ward  in  front  of  the  same  rib.  The  kst  three  cervicalB^  ib.  c, 
have  no  spinous  processes ;  that  of  the  first  dorsal  riaes  to  a 
considerable  height,  and  those  of  the  remaining  dorsals,  d,  and 
lumbar  Ycrtebne,  L,  attain  the  same  horixontal  line.  The  meta- 
pophysis  is  first  fully  developed  upon  the  seventh  dorsal,  and  pio- 
gresdvely  elongates  to  Uie  last  lumbar,  fig.  261,  m :  it  presents 

261  an  articular  surface  at  the 

under  and  fore  part  of  its 
base  to  be  articulated  with 
the  anapojihysis  of  the  ante- 
cedent vertebra.  The  aai^ 
{)ophyses  increase  in  thick- 
ness rather  than  in  length  in 
the  succeeding  vertebrs,  and 
upon  the  last  dorsal  present  an 
articular  surface  at  their  under 
part  for  connection  with  a  pa- 
rapophysis,  ib.  p.  These  ac- 
cessory joints  coexist  with  the 
ordinary  articulations  between  the  anterior  and  posterior  zygapo- 
physes,  and  there  are  consequently  twelve  joints  between  ea^ 
pair  of  vertebrae,  in  addition  to  the  ligamentous  one  between  the 
bodies  of  the  vertebne,  ib.  e.  This  mechanism  is  designed  to 
give  great  strength  and  fixedness  to  the  vertebra  of  the  trunk 
in  relation  to  the  support  of  the  bony  carapace,  ib.  b,  6,  and  to 
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the  affording  a  firm  fulcrum  or  centre  to  the  powerful  muscular 
forces  ezerofled  hy  the  limha  in  the  act  of  hnrrowing.  The 
elongated  metapophyses  have  a  more  direct  relation  to  the  sup- 
port of  the  carapace,  the  spinous  processes  representiag  the 
*  kiiig-posts/  ib.  n,  and  the  metapophyscs  the  '  tie-beams,*  ib» 
in  the  architecture  of  a  roof.  The  sacral  vertebne  progresnvely 
increase  in  breadth  after  the  second,  to  form  an  extensive  junc- 
ture with  the  ischial  bones.  The  tuberosities  of  the  ischia, 
fig.  260,  63,  and  similar  tuberosities  at  the  fore-  part  of  the  ilia, 
fig.  277,  62,  bend  outward  and  upward,  to  afford  four  strong 
additional  supports  to  the  bony  carapace :  the  long  diapophyses 
of  the  first  caudal  vertebra  abut  against  those  of  the  last  sacral 
vertebra  and  the  tuberosities  of  the  ischia.  The  metapi)[>hyses 
reappear  upon  the  second  caudal  vertebra,  and  continue  to  the 
antepenultimate  one»  where  tiiey  are  reduced  to  ridges  upon  the 
anterior  9Eygapo{)hy8e8.  Haemal  arches,  with  short  terminally  ex- 
panded and  flattened  spines,  are  present  beneath  the  intervals  of 
many  tail-vertebm.    In  GIt/ptodon  the  caudals  coalesce. 

The  posterior  dorsal  ribs  are  deeply  excavated  upon  their 
external  surface;  five  pairs  directly  joiu  the  sternum,  which 
consuts  of  six  bones,  a  very  small  one  being  interposed  be^ 
twcen  the  fourth  and  the  long  one  sup^torting  the  ensiform  carti- 
lage. 

In  the  Cape  Anteater  (Oryetmpui),  the  vertebral  formula 
is: — 7  cervical,  13  dorsal,  8  lumbar,  6  sacral,  and  25  caudal: 
anchylosis  is  limited  to  the  sacral  region :  the  cervical  transverse 
processes  overlap  each  other;  the  costal  part  of  the  sixth  is  a 
broad  plate.    The  dorsal  and  lumbar  neural  spines  are  much 
longer  than  those  of  the  cervical,  and  are  subequal :  they  slightly 
converge  to  that  of  the  twelfth  dorsal,  which  is  vertical,  indicating 
a  greater  extent  of  inflection  of  the  trunk  than  in  the  South 
American  Anteater;  increased  freedom  of  motion  is  likewise 
favoured  by  the  less  complex  character  and  mode  of  union  of  the 
verlebne.    An  accessory  tubercle  is  developed  upon  the  diapo- 
phyais  of  the  seven  anterior  dorsal  vertebne,  which  divides  near 
*  the  eighth  into  metapophysis  and  anapophysis.   These  progres- 
bively  increase  and  diverge  from  one  another  in  the  succeeding 
dornb,  and  in  the  first  lumbar  vertebra  the  metapophysis  pro- 
jects upward,  outward,  and  forward  upon  the  outside  of  the 
anterior  sygapophysis ;  whilst  the  anapophysis  extends  backward 
from  the  back  part  of  the  diapophysis,  which  it  equals  in  length. 
The  anapophysis  decreases  in  size  in  the  following  lumbar  verte- 
bra and  disappears  in  the  last ;  the  metapophysis  also  decreases 
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in  size,  but  is  continued  throughout  the  lumbar  series  and  aloofj^ 
part  of  the  sacral.  'J'he  sacral  spines  coalesce,  leaWii'::^  interven- 
ing foramina,  fig.  262,  a :  the  transverse  processes  of  the  three 

anterior  sacrals  join  the  ilia, 
c,  g ;  those  of  the  thre^ 
posterior  ones  coalesce  to 
form  abroad  depressed  plate, 
with  the  posterior  angles 
produced,  ib.  6,  but  not  join* 
ing  the  ischia.  These  have 
a  long  and  broad  tuber  ischii. 
ib.  kf  U  The  pubis,  i> 
long  and  slender:  the  pec- 
tineal spine,  ib.  A,  is  long;  the  symphysis  pubis  is  short;  the 
lunihi^iliac  angle  is  140°.  Metapophyses  are  developed  from 
the  outside  of  the  anterior  zygapophyses,  as  far  theee  extend 
along  the  caudal  series,  viz.  to  the  eighth  Yertehra ;  beyond  these 
the  metapopliyses  are  developed,  independently  of  the  zygapophy- 
ses,  to  near  the  tenninatioii  of  the  taU.  The  hmnal  avehes  oom- 
mencc  below  the  interspace  between  the  second  and  third  caudals» 
and  are  continued  as  far  as  that  between  the  sixteotith  and  aevett- 
teenth.  The  neural  arch  disappears  upon  the  sixteenth  caudal 
vertebra. 

In  the  Scaly  Anteater  {ManU  pentadaetyla,  fig.  158),  the 
transverse  process  of  the  seventh  cervical  is  perfoiatod :  its  ^Hae 
is  lonjrer  than  that  of  the  others.  There  are  13  dorssl  vertebne. 
The  nine  anterior  purs  of  ribs  directly  articulate  with  Mr* 
num,  which  consists  of  ten  bones.  The  tenth  is  of  anueoal 
length,  and  supports  a  still  longer  and  much-expanded  xiphoid 
cartilage.  The  metap«>pliyses  commence  as  tubendes  on  the  first 
dorsal  vertebra,  and  rapidly  increase  in  size  in  the  soooee&g 
vertebra.  The  anapophyses  are  not  developed  in  this  genua. 
There  axe  4  lumbar,  4  sacral,  and  26  caudal  vertebra.  The  ow- 
tapophyses  continue  to  be  developed  from  the  sacral  series.  The 
transverse  processes  of  the  last  sacral  suddenly  expand  both  in 
length  and  breadth,  and  articulate  with  the  tuberosities  ef  the  * 
iscUa.  Well-developed  hnmal  arches  are  articulated  to  the  iB> 
ferior  interspaces  of  the  caudal  vertebra  as  fiv  as  the  penultinnte 
one.  The  anterior  zygniM^pliyses  cease  up<m  the  fourteenth  ver- 
tebra, but  the  metapophyses  are  continued  as  fiur  as  the  penoHi* 
mate  candaL  The  neural  arch  gradually  subsides  and  disappeais 
upon  the  twentieth  caudal  vertebra,  which  consists  of  oentroa, 
diapophyses,  metapophyses,  and  the  hmnal  arch. 
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In  the  skeleton  of  the  Great  Anteater  {Myrmecophaga  juhata, 
fig.  263),  the  Tertebnd  formnla  is: — 7  eervical,  15  donal,  3 
lombar,  5  sacral,  and  35  caudaL  The  atlas  is  pierced  in  two 
places  obliquely  at  the  fore-part  of  the  neural  arch  on  each  side. 
The  axis  has  a  transverse  perforation  on  each  side  the  neural  arch 
anterior  to  the  transverse  process,  which  is  imperforate.  The 
transyerse  processes  of  the  three  succeeding  cervicals  are  imper- 
forate, the  vertebral  artery  entering  the  neural  canal  behind,  and 
perforating  obliquely  the  base  of  the  neurapophysis,  anteriorly. 
In  the  sixth  oervic^d,  the  canal  for  the  vertebral  artery  runs 
through  the  base  of  the  transverse  process.  These  processes  are 
much  extended  anteio>posteriorly  in  all  the  cervicals  and  overlap 
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each  other:  their  di-  and  pleur-aix^jiliysial  portions  are  very 
distinct  in  the  fifth  and  sixth  cervicals.  The  spine  of  the  seventh 
is  longer  than  the  rest  and  tninciitc  al)ove ;  it  m  much  exceeded 
in  antero-i)osterior  diameter  by  the  spine  of  the  first  dorsal.  A 
metapophysial  tubercle  is  developed  from  the  outer  side  of  the 
proaygapophysis  in  all  the  five  posterior  cervicals.  It  is  placed 
more  outwardly  in  the  first  and  second  dorsals,  and  gets  upon  the 
top  of  the  diapof^yses  in  the  succeeding  dorsals.  In  the  eleventh 
dorsal  the  metapophysis  begins  to  resume  its  former  position,  and 
developes  an  articuUur  surface  from  its  under  part,  which  joins  the 
upper  articulating  surface  of  the  anapophysis  of  the  preceding 
vertebra.   In  the  thirteenth  dorsal^  the  metapophysis  is  half-way 
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between  the  diaiiophvsb  and  anterior  rv^gapopliTn*,  and  Teptt» 
the  5ame  articulatiun  with  the  aaapophT?^.     In  the  Jast  t«» 
dorsal  Ycrtebine,  the  base  of  the  metapof  Ly^i«  derelopes  a  ttcimi 
articiilar  -urface  frr>m  it>  mner  sade,  which  joinB  a  new  or  acx-t* 
sorr  artkoJar  raiiace  on  tlie  outride  o£  tlie  posterior  STi^p  i 
of  the  antecedent  vertebra.    XiuB  tCDon-and-mortice  articulaiioc 
of  the  metapophy^i-  ^sith  the  srgapophvsis  on  the  inner  ftide  wai 
with  the  anafiophyBis  on  the  outer  side,  is  repeated  thrx>Ui;b«'U* 
the  whole  lambar  series.  The  ana|K>|>hysii  begins  to  be  deirelofiei 
from  the  anterior  donal  vertebrit  and  even  there  present* 
articidar  snrface  at  its  under  part  to  join  a  correeponding-  amftce 
on  a  para[iophysis  devdoped  from  the  fore  and  outer  part  «^ 
the  neoral  arch  of  the  succeeding  vertebra.    In  the  tentb  dorstl 
a  second  articukr  surface  is  established  in  the  up|>er  part  of  the 
anapophjses  for  the  inferior  metipophTsial  one  of  the  succee<iin;; 
vertebra ;  here,  therefore,  the  anapophjris  b^ins  to  be  morticed 
between  the  paiapophvsial  and  metapophjsial  articular  soHWe^ 
which  surfaces  continne  to  the  ante] penultimate  lumbar  vertebra, 
from  which,  forward,  to  the  eleventh  dorsal,  there  are  ^zteea 
joints  between  each  pair  of  vertebre-    Bat  this  oonii'Hcution  ^'."ef 
further ;  for,  in  the  penultimate  lumbar  vertebra,  a  third  articiiiff 
surface  is  developed  from  the  under  and  ooter  part  of  the  aaapc^ 
physis,  which  joins  an  articular  surface  on  the  upper  and  fore  j«art 
of  the  diapophjsis  of  the  last  lambar :  and  this  vertebfa  ta  nnked 
in  a  similarlj  complex  manner  with  the  first  sacral  vertefaca, 
which  would  make  eighteoi  synoiial  j(»nts,  in  addition  to  those 
at  the  ends  of  the  centrum,  but  that  those  between  the  nomul 
articular  processes,  or  zygapophyses,  are  now  suppressed.  The 
true  serial  homology  of  tlic  processes  as  *  parapophyses/  de- 
velo]>ed  from  the  fore  part  of  the  base  of  the  neural  nrch  to 
articulate  with  the  under  part  of  the  ana()ophyse8,  is  well  illus- 
trated by  the  vertebra  of  the  Great  Anteater,  as  in  the  Mega- 
therium, in  which  the  true  diapophyses  are  better  developed  tluui 
in  the  Armadillos. 

The  spmes  of  the  sacrals,  ib.  s,  blend  into  a  bony  ridge :  the 
transverse  processes  of  the  last  three  join  the  ischia.  H«nil 
arches  articulate  with  the  intervals  of  most  of  the  caod*! 
vcrtebne. 

In  the  little  Two-toed  Anteater  the  dorsal  plcurapophyses  show 
a  chclonian  expansion ;  but  overlap,  or  join  by  squamous  instewl 
of  dentate  sutures. 

In  the  Ai  {Uradi/pus  tridnctt/lusy  fig.  263),  the  vertebral  fitrmnls 
i8:-~C  9,  D  16>  h^fUQfCd  11.    The  neural  arch  of  the  adaa  is 
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perforated  by  the  vertebral  artery  anteriorly,  and  by  tlio  cervical 
nerve  posteriorly.  The  spines  of  the  cervical  vertcbnc  are  mo- 
derately and  equably  developed.  The  pleurapophysiul  part  of  the 
transverse  process  of  the  eighth  cervical,  fig.  265,  a,  pi,  is  more 
extended  antero-poeteriorly  than  in  the  preceding  cervicals,  and 
long  remains  free.  The  pleurapophysis  of  the  ninth  cervical, 
ib.  bf  pi,  retains  its  freedom,  and  is  more  extended  in  the  direction 
of  its  length,  but  is  very  short  as  compared  with  the  homologous 
part,  plf  of  the  following  vertebra.  The  slender  neck  and  head 
of  this  little  rib,  joining  the  fore  part  of  its  centrum,  occasions  the 
perforated  character,  as  in  the  antecedent  cervical  vertebra.  A 
short  metapophysis  is  developed  from  the  fore  part  of  the  diapo- 
physis  of  Uie  penultimate  dorsal  vertebra,  increases  in  size  in  the 
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last  dorsaly  and  asoends  upon  the  base  of  the  ))i  (i/ygai)<)pliysis  of 
the  third  lumbar  vertebra.  The  anapophysis  is  also  developed  from 
the  last  dorsal  and  from  the  three  lumbar  vertebne ;  it  is  short, 
with  an  articular  surface  applied  to  the  outer  side  of  the  pro- 
zygapqihjsis  of  the  sncoeeding  Tertebra.  The  spinous  processes 
gradually  subside  in  the  posterior  dorsals,  fig.  264,  d,  and  become 
obiolete  in  the  lumbar  vertebrv,  l.  The  fi^t  pair  of  dorsal  ribs, 
pi,  A,  is  anchylosed  to  the  manubrium,  «:  nine  pairs  directly 
irtieolate  with  the  sternum,  which  consists  of  eight  bones ;  these 
are  compressed,  and  progressively  increase  in  depth ;  the  hinder 
ones  are  divided  into  a  laiger  posterior  and  a  smaller  anterior 
part,  between  which  are  four  articular  fiioets  on  each  side  for 
the  Iniurcated  extremities  of  two  of  the  ossified  cartilages.  There 
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18  a  pair  of  hypapc^hyBeB  on  tho  fifth,  sixth,  and  seventh  caudal 

vertebnc.    The  pel  via  ooa* 

asts  of  five  or  six  sacral 
yertehne  coalcsccMi  yvith  each 
other,  also  (1-4)  with  the 
ilia,  and  (5-6)  with  the  i»- 
chia,  leaving  ynde  ischiadie 
foramina,  fig.  266,  eL  The 
sacral  spines  are  obsolete, 
and  the  centrums  miKA  de» 
pressed.   The  ilia  are  short 
and  Inoad,  forming  an  an- 
terior concavity.     The  is* 
ohial  ttiberoaities  are  amall, 
and  the  part  joinimf  the 
pubis  to  dvcumscribe  the 
lai  ij^e  obtumtor  f()i*ami]ia  ii 
slender.   The  pubia  ia  also 
slender,  and  forma  a  very 
short  symphysis,  c.  The 
pelvic  outlet  is  wide. 

In  the  Two-toed  Sloths 
{Cholcepus)  the  vertebral  formula  is  0  7,  D  23,  L  3,  s  8.  erf  4, 
or  D  24,  L  2 ;  or  D  23,  L  4,  8  7,  the  number  being  essentially  the 

same.  'J  he  second  and 
third  eervicals  sometimes 
coalesce.  Cholapus  Haff' 
manni  has  only  six  eervi- 
cals.' Twelve  pairs  of  rib« 
join  the  sternum,  which 
consists  of  eleven  bones. 
Not  any  of  the  grreat  extinct 
Ground  Sloths  have  mora 
than  seven  cer\'ieal  verte- 
bne  ;  but  in  the  number  of 
dorsal  vertebra?,  as  in  evwy 
other  hradypodal  character, 
they  manifest  their  true  al^ 
finities.  The  Mylodon,  fig. 
267,  ofiers  a  singular  con- 
trast with  the  Mole,  fig.  248,  in  the  proportions  t)rthc  .^acnmi : 
this,  by  anchylosis  with  the  three  lumbar  and  last  doraal,  dU^ 
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includes  eteveii  Tertebra,  and  fomu  one  strong  and  oontinuons 
bonj  masa  along  the  whole  lumhar  r^on.  Its  total  length  is 
two  feet  four  inches,  and  it  graduaUj  increases  in  breadth 
to  the  sacroiliac  uniony  which  is  formed  by  the  first,  second, 
and  third  true  sacral  Tertebrae,  and  there  presents  its  greatest 
breadth.  It  then  contracts  slightly,  and,  at  the  sixth  and  last, 
expands  again  to  join  the  ischia,  fig.  268,  r,  with  which  and 
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the  ilia  it  coalesces.  Its  anterior  surface  is  curved  both  laterally 
and  vertically.  The  spinal  canal  is  very  wide,  and  tlie  foramina 
passing  from  it  mark  the  primary  segments.  Their  neural  spines 
form  a  curved  crest,  ib.  (f.  There  are  twenty-one  caudal  ver- 
tebro,  fig.  267,  cd.  The  iliac  crest  is  arched,  thickened,  and 
rough;  Uie  alfe  notaldy  expanded.  The  ischia,  after  effecting 
the  sacral  confluence,  at  r,  arch  ontwanl,  of  slender  form,  and 
expand,  at  h,  fig.  268,  to  join  the  still  more  slender  pubis,  6, 
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and  complete  the  wide  obturator  li<>le,o.  The  toberositj,  A,  is  not 

well  marked. 

The  vertebral  column  shows  nather  in  Myhdon  nor 

therium  any  apophysial  de- 
TdopementB  related,  as  in 
the  AimadiUoBy  to  the  sup- 
port of  a  bonj  carapace. 

The  Megatherinm  has  v 
7,  D  16,  L  3,  s  5,  cd  18  ;  fig. 
279.  The neoralspuiee  elon- 
gate m  the  last  two  oerrical. 
and  merease  m  both  length 
and  breadlh  in  the  anterior 
dorsal  Tertebm.  Tliedoraal 
hKmapophyses  are  bony  as 
in  the  Mylodon,  Sloths, 
AnteaterSy  and  Armadillocw 
Nine  pain  of  ribsdireetly 
articnlate  with  the  atemvBt 
which  consists  of  eight  bones.    Most  of  the  dorsal  Tertefatv 
are  peculiar  in  having  a  thirds  medial,  zygapophysis  between 
the  ordinary  anterior  and  posterior  pairs :  they  Ukewise  presenf 
three  surfaces  to  the  pleoraiiophysis,  one  on  the  centrum  for 
the  '  head  of  the  rib/  one  on  tiie  neurapophysis  for  the '  neck/ 
and  one  on  the  diapophysis  for  the  *  tubercle.'    The  hnmapo- 
physes  present  analogous  complex  joints  with  the  stemebert, 
having  u  pair  of  condyles,  synovially  articulated  with  two  pairs  of 
cavities  on  contiguous  stemebers,  each  sudi  stemdier  presenting 
ten  articulations,  one  for  the  antecedent,  another  for  the  succeed- 
ing stemeber,  and  two  pairs  of  hsmapophysisl  cavities  on  each 
side.    The  posterior  dorsal  and  lumbar  vertebras  present,  besides 
the  articular  surfaces  for  the  centrums,  and  those  of  the  zygapo- 
physes,  also  a  pair  of  metapoph  vsial  and  a  pair  d  anapo[>hysiaI 
ardculadons.*    In  the  confluence  of  the  anterior  dorsal  pleui^  and 
hiem-apophyses  the  Megathere*  resembles  the  Sloth.  The  caudal 
vcr4pbnu  supporting,  as  in  Mylodon,  a  powerful  column,  aenriog 
as  a  prop  to  the  massive  hind  part  of  ^e  trunk  when  the  fore 
part  is  raised,  as  in  fig.  267,  have  long  and  strong  di-  and  hmn- 
apophyses :  the  latter  separate  in  the  first  caudal,  but  coalesced  at 
their  distal  ends  in  the  succeeding  caudals  to  near  the  end  of  the 
tail.* 
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The  hage  pelvis,  the  union  of  the  ischia  with  the  aaonmiy  and 
the  speedy  osseous  confluence  of  the  several  pelvic  elements,  are 
oonunon  charaoteristios  of  the  spinal  column  of  the  BnUa :  in 
no  other  Manunalian  order  are  found  such  complex  vertebral 
articulations ;  and  here  alone  are  manifested  the  exceptional  in- 
stances of  affinity  to  certain  Ovipara  in  the  lower  cervicals  with 
free  ribs  of  the  Three>toed,  and  in  the  twenty-three  costigerous 
donals  of  the  Two-toed,  Sloths. 

B.  SkulL — The  skull  in  the  insectivorous  Brwta  is  long  and 
slender ;  these  proportions  reaching  their  extreme  in  true  Anteaters 
{MyrvMcophagaf  fig.  269).  The  occipital  condyles,  9,  are  large 
and  terminal :  the  superocdpital,  s,  inclines  forward  as  it  rises  to 
join  the  parietals,  7,  which 
retain  their '  sagittal '  suture. 
The  frontals  are  ebngate, 
and  continne  the  smooth 
transversely  convex  cranial 
roof  forward  to  the  nasals,  I5 ; 
these  are  still  longer,  being 

coextensive  with  &e  maxiUaries,  ti,  which,  with  the  mandible, 
as,  form  the  walls  of  the  bony  tabular  sheath  of  the  very  long 
tongue :  the  premaxillaries  are  minute.  The  orbits  are  feebly 
defined:  the  lacryohal,  79,  is  large  and  chiefly  antorbitaL  A 
beginning  of  the  malar  is  appended  to  the  maxillary :  the  small 
squamosal  forms  the  flat  surface  fot  the  mandibular  condyle,  but 
developes  no  aygoma.  The  tympanic,  as,  retains  its  separate  con- 
dition. The  petrosal  is  excavated  by  a  hemispheric  cavity  for 
the  condyle  of  the  stylohyal,  the  framework  of  the  tongue  in 
the  Anteaters  almost  equalling  the  mandible  in  its  amount  of 
bone. 

In  the  Pangolins  {Manig,  fig.  270)  the  cranium  also  shows  the 
inclination  of  the  occipital 
surface  from  below  upward 
and  forward,  the  plane  of 
the  foramen  magnum  being 
slightly  inclined  in  the 
same  direction.  The  exoo- 
cipitals,  meet  above  the 
foramen.  The  supcrocci- 
pital,  s,  is  rhomboidal,  and 

its  aspect  la  almost  wholly  upward.  The  mastoids,  8,  form  two 
hemispheric  protuberances  at  the  sides  of  the  occipitul  region,  and 
the  petrosals  two  smaller  protuberances  at  the  sides  of  the  base  of 

DDI 


270 


Digitized  by  Google 


404 


ANAT01C7  OF  TEBTBBBATE8. 


the  skull :  the  pterygoids,  24,  extend  backward  beyond  them*  aad 
form  the  aides  of  a  deep  and  wide  postnasal  groove.  The  tympaoie 
bone  foims  the  lower  boundary  of  a  hemispheric  buUay  which  oohh 
municates  with  an  equal-sized  cavity  in  the  squamoaal ;  n  narrow 
strip  of  the  petrosal  intervenes  between  the  tympanic  and  the  broaii 
basioccipital.  The  zygomatic  process  of  the  squamosal^  ar,  extends 
but  little  beyond  the  joint  for  the  lower  jaw :  there  is  no  aeparate 
malar.  The  premaxillaries,  S2,  join  the  nasals,  15.  The  smaii 
lacrymal^  in  Manis  Umfficaudata,  is  wedged  in  between  the  fron- 
tal, n,  and  mazillaiy,  si,  at  the  anterior  angle  of  the  orbit.  Twu 
tooth-like  processes  project  from  the  fore-part  of  the  alveolar 
border  of  the  slender  undcr-jaw. 

In  the  hairy  Anteater  of  the  Cape  (Orycteropud)  the  petrtw 
mastoid  and  tympanic  are  distinct  firom  each  other,  and  retain 
their  primitive  separation  from  the  squamosals.     The  occipital 
condyles  are  bilobed,  the  inferior  and  smaller  lobe  being  developed 
from  the  basiocdpitaL    The  zygomatic  arch  is  slender,  but  entire. 
A  well-marked  venous  fossa  depresses  the  inner  bonier  of  the 
foramen  magnum;  the  sella  is  large  and  moderately  deep,  with 
anterior  and  po<;terior  clinoid  processes,  bounded  on  each  side  by 
the  carotid  channels^  external  to  which  are  the  deeper  Gaaseiiaa 
fossn\     There  are  few  mammalian  skulls  in  which  the  cranial 
ca\  ity  is  more  equally  divided,  than  the  present,  into  the  cf tea- 
cephalic,  mesencephalic,  prosencephalic,  and  rhinencephalic  cham- 
bers; but  the  mesencephalic  chamber  contains  not  only  tbc  j»ropi»r 
mesencephalon,  but  also,  as  in  other  Mammals,  part  of  Uic  bnck- 
wardly  developed  prosencephalon,  and  especially  those  inferior 
protuberances  called  *  natiform.'   The  petrosals  show  very  narrnw 
cerebellar  fossae.   The  maxillary  has  seven  alveoli,  the  mandibular 
ramus  has  six :  but  the  small  anterior  ones  are  obliterated  with 
the  loss  of  their  teeth  in  old  animals.   The  hvoid  arch  is  lanre  and 

consists  of  the  stvlohyal,  cem- 
tohyal,  epihyal,  and  basihyal 
elonionts,  with  the  appended 


thyrohyals,  or  *  comua  majora,' 
In    the  Armadillos  {^Dasj^ 
pus,  fig.  27 1 )  the  occipital  plane 
is  vertical.   There  is  no  paioe- 

ikoll  of  tUmtpuM  Pabm.  cix  •■11  •   •     ,  • 

cipital :  the  superoccipital,  a,  n 
bent  at  a  right  angle  to  join  the  parietals,  7,  which  obliterate,  as  ta 
On/cteroptiSf  the  sagittal  suture  by  their  union.     The  mastoid  is 
perforated  by  a  vein  fri)m  the  lateral  sinus,  and  terminates  below 
in  an  obtuse  process.    The  tympanic  Is  a  separate  aemieirettlar 
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jilate  of  1)0110.  The  ali.sj)lien()kLs  join  the  pariotals.  The  huTvmal 
is  laijre  and  chieHy  antorbital.  The  petrosal  jiresent.s  a  wide  and 
shallow  eerehellar  fossa:  the  canal  between  the  petrosal  and  the 
nn^le  of  the  .su[>eroccipital  f^ives  exit  to  a  vein  and  entry  to  an 
artery.    The  rhinencepbalic  ahuust  equals  the  epencephaUc  divi- 
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8ton  of  the  cnuiial  CBvity.  The  frontals  are  large,  but  chiefly 
occupied  by  the  nasal  chamber:  in  the  Chlamyphorus  the  outor 
table  riaes  into  a  pair  of  domes,  fig.  272,  a,  augmenting  the  olfac- 
tory cavity.  In  most  Armadillos  there  are  two  small  prenasal 
ossicles.  The  premaxillaries  are  small  and  lodge  the  first  tooth 
in  one  or  two  si)ecies.  The  zy  gomatic  arch  is  complete  and 
strong:  the  malar  part,  fig.  271,  S7,  cunres  down  outside  the 
mandible,  and  there,  in  Gli/ptodon,  deyelopes  a  long  process  for 
the  service  of  the  masseter. 

The  zygomatic  arch  culminates  in  regard  to  complexity  in  the 
Sloths,  albeit  in  the  small 
existing  species,  fig.  273,  the 
squamosal  element,  S7,  fiuls, 
as  in  the  Anteaters,  to  reach 
the  malar  one,  ss,  ^  In  the 
Megatherioids  tlusunion  is  ef* 
fected,  fig.  274,  and  an  unusu- 
ally massive  arch  is  the  result. 
The  malar,  ss,  still  sends 
upward  its  temporal  process, 
b,  and  downward  its  mas- 
seteric one,  a.  This  cranial 
developement  relates,  as  in 
the  recent  and  extinct  Kan- 
garoos, to  the  share  of  the  masseter  in  the  business  of  mastication ; 
and  the  molars  are  transversely  ridged  in  Megatherium  as  in 
JHpraiodion, 
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The  facial  part  of  the  skull  in  the  Sloth  is  as  remarkable  for  iti 
shortness  as  in  the  Antcater  for  its  length.  In  the  Ai,  fig.  273, 
the  interparietal  coalesces  with  the  superoccipital,  s,  before  the 
ezooeipitals  unite  with  tlic  super-  and  basi-ocoipitals.  The  nudar 
hone,  26y  is  freely  suspended  by  its  anterior  attachment  to  the 
maxiUary  and  frontal,  and  bifurcates  behind ;  one  division,  a,  ex- 
tending downward,  outside  the  lower  jaw,  the  other,  asoeniliDg 


ternus  commence  separatelT 
upon  the  exterior  of  the  petrosal,  which  is  not  impressed  hj  a 
cerebellar  fossa.  The  depression  receiving  the  natiform  proto* 
berancc  of  the  cerebellum  is  formed  chiefly  by  the  squamosaL 
The  walls  of  the  rhinenccphalic  fossa  are  entirely  surrounde<I  by 
the  olfactory  chamber,  which  extends  above  into  the  frontal  and 
beneath  into  the  sphenoidal  sinuses.  A  well-marked  vascular  fctra- 
men  leads  downward  from  the  partition  between  the  rhinenceplmlic 
and  prosencephalic  chambers.  Tlie  rough  exterior  port  of  the 
petrosal  forms,  as  it  were,  the  border  of  a  capsule  to  the  tjrmpanic : 
the  fossa  for  the  styiohyal  is  well  marked  at  the  back  part  of  the 
border.  The  pterygoid  forms  a  large  quadrate  vertical  pbte.  The 
bony  septum  narium  terminates  half-way  from  the  large  venicaJ 
external  nostril.  There  is  a  small  imperforate  lacrymal :  the  nut- 
orbital  hole  is  wanting.  In  the  Unau  ( liradifpuf  didavti/lMM)tht. 
lacrymal  is  pierced  external  to  the  orbit.  In  the  Megatherc  the 
foramen  is  at  the  orbital  margin,  and  there  is  a  large  antorbtud 
foramen:  the  premaxillarles,  tlu»ugh  edentulous,  are  more  produced 
than  in  existing  Sloths,  and  there  u  a  corresponding  pnNluction 
of  the  symphysial  ]inrt  of  the  lower  jaw,  which  is  grooved  almve. 
as  in  the  Ant^^aters,  lor  the  support  during  its  pro*  and  ro •tractile 
movements  of  a  long  tongue,  prehensile  in  the  Megathere  aa  in 
the  Giraffe,  in  reference  to  the  smaller  bninches  of  the  trees 
yielding  food  to  the  extinct  giant.    Behind  the  symphysis  the 
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above  the  free  termination  of 
the  zygomatic  prooeas  of  the 
squamosal,  27.  Tlie  premax* 
illary  is  single  and  odento* 
lous,  being  represented  only 
])y  its  palatal  portion  ooai» 
pleting  the  maxillary  arch* 
but  not  sending  anj  pr<H 
cesses  upward  to  the  naaala. 
Within  the  cranium  there  is 
no  bony  tentorium:  the  twi» 
divisions  of  the  meatus  in- 
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mandible  is  deepened  for  the  long  roots  and  matrices  of  the  ever- 
growing molars.  The  extension  of  the  air-sinuses,  great  in  the 
climbing  Sloths,  was  still  more  so  in  the  odoesal  spedes,  whose 
strength  enabled  them  to  uproot  and  prostrate  the  trees  they 
browsed  on.  The  skull  of  the  Mylodtm  robuUus  in  the  Hun- 
terian  Museum  shows  two  extendve  fractures  of  the  outer  table, 
one  wholly,  the  other  partially,  healed:  the  latter  extending  to 
near  the  oociput»  but  having  broken  only  into  the  air^hamber, 
not  into  the  cranial  cavity,  the  inner,  proper  or  *  vitreous '  table  of 
which  is  everywhere  divided  by  sinuses  and  dnuous  bony  plates 
from  the  outer  table. 

Notwithstanding  the  extreme  divenuty — singular  contrast  in- 
deed in  several  padrticulars— which  the  skull  presents  in  the  order 
Bruia,  the  marks  of  inferiority  of  position  in  the  Mammalian 
series,  according  to  the  cerebral  character,  are  constant  through- 
out The  terminal  position  of  the  occipital  condyles  and  the 
aspect  of  the  occipital  surface,  the  degree  in  which  the  parts  of 
the  complex  '  temporaT  bone  *  of  higher  Mammals  retain  their 
primitive  separation,  the  position  of  veins  conducting  from  the 
cerebral  sinuses,  the  low  £Msial  angle  and  small  proportional  size 
of  the  cranial  cavity,  the  small  share  in  which  the  squamosal 
contributes  to  its  walls — all  exemplify  the  inferiority  of  the 
present  unguiculate  group  of  animids  to  the  Gyrencephalous 
Ungulates. 

C.  Bonn  of  the  Limb$, — In  all  Armadillos  the  clavicles,  fig, 
275,  ftt',  are  complete.  The  scapula, 
51,  is  broad,  convex  externally,  and 
presents  two  sjunes,  the  normal  one  of 
which  is  produced  into  an  acromion, 
long  in  aU  the  species  and  unusually 
so  in  the  Chlamyphore,  ib.  n ;  in  most 
it  sends  down  a  process  from  its  base. 
The  coracoid  curves  downward:  there 
is  a  well-marked  tubercle  behind  the 
neck  of  the  scapula.  The  suprasca- 
pular element  is  represented  by  a  <  >Mt.<„,MiypiMN^ 
coarsely  ossified  cartilage  attached  to 

the  base  of  the  scapuhi,  fig.  260,  si.  The  humerus  is  remark- 
able for  its  strength  and  for  the  great  developement  of  the  deltoid 
ridges.  It  is  perforated  above  the  inner  condyle,  but  not  be- 
tween the  condyles.  The  ulna,  fig.  276,  65,  is  considerably 
longer  and  stronger  than  the  radius:  the  olecranon,  fig.  275, 
54,  is  remarkably  developed.  In  Dasypus  the  radius,  fig.  276, 
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54.  is  but  half  the  lentrth  of  the  ulna:  in  all  Bruta  it  is  free,  azni 
nnates  on  the  ulna.  The  four  carjml  bones  of  the  proximal  tv>m 
are  distiDct  from  one  another. 

276 


Biino*  of  forr-«mi  and  foot,  Ikuypti*  gi^*.  CLi. 

The  scaphoid,  ib.  x,  is  the  smallest  of  the  four  lK>nes  of  the 
proximal  n>w.    The  pisifonn,  />,  articulates  to  the  cuneiform,  #*, 
and  ulna,  and  extends,  {mlniad,  to  the  lunare,  with  which  it  forms 
a  larjre  articular  cavity,  u|>on  which  the  )ialmar  ])atella  plays.  In 
some  the  traj>ezium,      is  distinct ;  in  others  it  is  connate  with 
the  tra|>ezoides.     The  ma^jnum,  ;w,  in  most  coalesces  with  the 
base  of  the  cubical  metacaqxal  of  the  digitus  metlius,  iii.  The 
outer  jmrt  of  the  base  of  that  metacarpal  rests  upon  the  unci- 
fonne,     which  also  supi>orts  the  small  but  thick  cubical  meta- 
caq>us  of  the  annularis,  iv,  and  rudiment  of  the  metac'arital 
of  the  minimus,  v.    The  medius  and  annularis  have  each  but 
two  phalanjjes;  the  long  and  slender  index  retains  the  normal 
number  of  three  phalanges ;  the  base  of  its  metacar|)al  is  wedged 
between  that  of  the  third,  the  trapezoides,  and  the  trapezium.  The 
chief  |>eculiarity  is  the  very  large  sesamoid  bone  develo|>e<l  in  the 
Hexor  tendons,  and  filling  the  palmar  asj>ect  of  the  fore-foot  :  a 
second  sesamoid  is  attached  by  ligament  to  the  apex  of  the  large 
]>almar  one.    An  accessory  ossicle,  j-,  is  wedged  into  the  outer 
side  of  the  carpus  in  Das.  ffigas.    In  Das.  Peba,  fig.  260,  there 
are  four  digits  on  the  fore-f(H)t,  the  two  middle  much  excee<ling 
in  length  and  strength  the  outer  and  inner  ones :  the  jKillex,  I, 
is  obsolete.    The  femur,  figs.  260,  277,  65,  presents  a  thinl  tro- 
chanter.   The  proximal  and  distal  extremities  of  the  tibia,  Sf, 
and  fibula,  67,  arc  connate  :  their  shafts  subsequently  coalesce 
therewith,  so  that  a  single  epiphysis  answers  to  the  shafts  of  biHh 
bones  at  each  of  their  extromities,  in  the  immature  Armadillos. 
The  naviculare  is  remarkable  for  its  two  inferior  tuben)sities, 
the  interspace  between  which  receives  the  under  part  <»f  the 
entocuneiform  bone.    In  Das.  sex-cinrtus  it  sends  downward  a 
]»roce9s,  like  that  in  some  Rodents.    The  calcancum  is  less  pro- 
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duccd  in  the  Chlamyphore,  fig.  277,  cl,  than  in  the  Nine- 
banded  Armadillo,  fig.  260*  The  hind-foot  is  pentadaotjie  in 
aU.  The  chief  modification  of  the  limb-bones  in  the  extinct 
gigantic  Armadillos  (Glyptodoni)  relates  to  the  modifioation  of 
imguiculate  feet  to  the  support  and  terreatrial  progreBaion  of 
species  too  huge  for  burrowing,  and  as 
heavy  as  the  bulky  Pachyderms.  The 
ungual  phalanges  arc  accordingly  obtuse, 
short,  broad,  and  thick,  for  being  incased  in 
hoof-like  nails,  and  their  phalanges  are  Hat 
bones,  presenting  the  maximum  of  breadth 
in  proportion  to  length.  In  the  third  tro- 
chanter and  the  anchylosed  tibia  and  fibula 
the  Dasypodoid  charactenstica  are  pre- 
served. 

The  limb-bones  of  the  Orycternpus  more 
resemble  those  of  the  Armadillos  than  of  ^»^ehtod^iimt. 


the  toothless  Anteaters.  The  acromion 
scapula:  is  less  elongate :  the  entocondyloid  process  of  tlie  humerus 
is  recurved,  and  >vidcly  perfonitcd.  The  wrist-l)oncs  arc  as  in 
Dasi/puSy  but  the  pisifonn  is  l<>n<^  and  slender.  The  |M)llex  is  re- 
duced to  a  stunted  metaearpal  and  j)halanx,  and  the  hand  lias  but 
four  claws,  of  which  that  of  tlic  nicdins  is  largest,  hut  less  dis- 
proportionately so  than  in  Das.  f/itfas.  In  the  hind-limb  the  femur 
shows  the  third  trochanter.  There  is  a  fabella  behind  the  outer 
condyle.  The  tibia  and  fibula  coalesce  at  their  upper  ends,  but 
not  below:  the  hind-fiK)t  is  pentadactyle. 

In  the  A^fanis,  fig.  15."i,  tlie  spine  of  the  scapula  is  simple,  is  not 
prolonged  into  an  acromion,  and  there  are  no  clavicles:  the 
coracoid  is  rejircsented  by  a  small  distinct  tubercle,  iorming  the 
anterior  extremity  of  the  elliptical  glenoid  cavity  for  the  humerus. 
The  humerus  is  j>erforated  at  the  internal  condyle.  There  is  an 
arti<-ular  sesamoid  deveU)j)ed  <»n  the  outer  side  of  the  capsule 
uniting  the  radius  with  the  humerus.  The  scaphoid  and  lunaro 
coalesce.  The  digitus  nicdius  is  disproportionately  large,  and  its 
ungual  phalanx  is  deeply  cleft :  that  of  the  index  and  anindaris 
show  slightly  the  same  i  liaraeter.  These  phalanges  are  so  arti- 
culated as  to  a<lmit  of  flexion,  hut  nut  of  extension,  or  retraction, 
heyrmd  the  line  of  the  supporting  digit.  The  femur  has  no  third 
trochanter.  There  is  a  fahella  hehind  the  outer  condyle  nf  the 
femur.  Th«'  hones  of  the  leg  n'tain  their  distiuetuess :  the 
extremity  of  the  fibula  beyond  the  outer  malleolus  bends  inward, 
and  terminates  in  a  tuberosity  j>laying  in  a  cavity  u|)on  the  outer 
side  of  the  astragaluii.    There  is  an  accessory  tarsal  ossicle  on  tlie 
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ode  of  tke  oitDcueifoni  and  acaphoid.  The  nngual  piwifaiiT 
of  tkeUfaaiiaa^;  Aoaeof  the  three  middle  toes  are  deft 
aiiheapes. 

Ib  tkie  Jj^^rBMovpiUr^a,  fig.  263,  the  acaiiiiky  si,  is  -very  Imed, 
with  a  tdb-cncokr  eoatof,  aad  is  tisTened  hy  two  spines,  the 
upp«r  one  praloeged  ss  sa  *  scvooiioD  *  towsid  the  oocaoosd,  aed 
sapporting  s  sasD  chiTinilsr  hone  ( Jfyrm.  jubata)  or  joined  to  s 
coo^dele  dsvide  ( JQmsu  d6iaeiyla\  The  homenis,  ss,  is  ^reailj 
ezpssded  at  its  diitsl  cad,  espedsllj  bj  the  entoccmdyloid  eresr, 
wUdi  iB  iei.au ed  sad  perforated.  The  ladias,  m,  and  ulna  art 
of  aesrl  V  eqasl  Ici^th»  the  seraaiioa,  ss,  hss  the  lower  angle  pn^ 
daee^  The  csipos  oonnsts  of  die  aBosl  eight  bones,  fi^.  276« 
aciyhoides     Innsre  4  cmicifimae     pisifinme     wliieh  it 
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produoetl  like  s  carpal  calcaneum.  The  trapezium,  /,  supports  s 
slender  poilex,  i ;  the  trapezoidcs,  Zy  a  longer  and  larger  index,  li ; 
die  strong,  four-sided,  outwardly-ridged  metacarpal  of  the  medium, 
III,  rests  its  base  upon  the  magnum,  m,  and  unciforme,  a ;  and  is 
wedged  between  that  of  the  index,  ii,  and  annularis,  it.  The 
minimus,  T, which  is  articulated  more  to  the  annularis  than  to  the 
unciforme,  a,  has  but  two  phalanges,  and  is  clawless.  The  ungual 
plialan«;es  are  dorsally  grooved,  not  notched.  In  the  Mifrmecophagm 
ditiocfi/la  the  metacarpal  rudimentt  of  the  poilex  and  minimus 
are  hidden  beneath  the  shin:  the  annularis  metacarpal  sup{H>rts 
a  clawless  phalanx :  the  two  conspicuous  digits  are  the  index  and 
medius,  the  latter  the  largest.  The  femur,  fig.  263,65,  has  a  crest 
along  its  outer  margin:  the  tibia  and  fibula,  67,  are  distinct:  the 
foot  is  plantigrade  and  pentadactyle,  with  a  calcaneum  lung  and 
compressed  in  the  great  terrestrial  species,  but  short  in  the 
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soanaorial  didaetyle  Anteater^  in  wbioh  a  supplementary  bone  on 
the  inner  (tibial)  side  of  the  tarsus  is  produced  backward  to 
increase  the  power  of  the  heel  in  gra.sping. 

In  the  Ai,  fig.  264«  the  scapula»  st,  is  broad,  and  its  outec 
surfsce  is  equally  divided  by  the  sinne,  which  is  short,  but  con- 
tinued into  an  acromion  arching  to  join  the  coraocid.  The  supn^ 
spinal  notch  is  oonyerted  into  a  foramen  by  the  extension  of 
ossification  from  the  Buperior  costs  to  the  base  of  the  coraocnd. 
The  same  characteristics  are  reproduced  in  the  scapula  of  the 
Megathere,  fig.  279,  ft2,  under  more  massive  proportions  of  these 
growths  fi>r  muscular  attachments,  and  with  the  superaddition  of 
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an  inferior  Bpine,  as  in  the  Anteator.  The  clavicle  is  complete  in 
the  Me^athcre,  ib.  68,  as  in  the  Two-toed  Sloth  (ChoUepus) :  in 
the  Ai  it  t  xlstH  as  a  short  appendage  to  the  acromion.  In  the 
small  climbing  Sloths  the  length  of  the  prehensile  fore-limbs  is 
attsined  by  that  proportion  of  the  humerus,  fig.  264,  53,  and 
sntibrachial  bones,  54,  55 :  both  the  latter  are  bent,  leaving  a 
wide  interosseous  space,  and  are  ho  articulated  as  to  allow  of 
pronation  and  supiiKition.  lo  the  Megathere  the  humerus  is 
relatively  shorter,  but  thicker,  and  is  enormously  expanded  at  its 
distal  end,  6g.  279,  53  :  the  inner  condyle  is  imp^orate,  as  in 
Jirat/i/pnn  trulfirfi/lits :  in  the  Metjalonyx  it  is  perforated  as  in 
t)ie  Brad.  (  ChoUepus)  didactylus.  The  ulna  of  the  Megathere, 
fig.  279,  55,  is  equally  remarkable  for  the  vast  expanse  of  its 
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proximal  end,  induding  the  olecsanon  which  is  twice  as  bmd  if 
long,  and  projects  haokward  rather  than  upward.  The  pronaul 
end  of  the  radius,  S4,  is  ciroular,  and  its  articular  modificatim 
are  as  wdl  adapted  for  rotatory  and  flexile  mowemento  of  tfe 
antibraohial  bones  as  in  the  human  arm.  The  interoaoooua  apeee 
is  shorter  and  much  narrower  relatiTely  than  in  the  Slotba.  Of 
these  the  Ai,  fig.  280,  has  the  carpus  reduced  to  aiz  bonee,  the 
scaphmd  being  connate  with  the  trapezium,  <  • . « •  and  tii«  ms|*> 
num  with  the  trapezoides,  nu    A  rudiment  of  the  metaearpd 

of  the  pollejc,  t,  hm  co- 
alesced with  that  of  the 
index,  ii,  and  a  rodimeat 
of  the  metacarpna  of  the 
minimus  with  that  of  the 
annularis,  x,  iv.     In  the 
three  functional  di^t^  the 
proximal  and  middle  pha- 
langes are  oonflueiif» 
the  ungual  onea  are  of 
great  length,  and  restrict- 
eid  in  their  movements,  hr 
the  production  of  the  hmek 
part  of  their  base,  to  <ie- 
grees  of  flexion.   The  joints  of  all  the  digits  are  deeply  trochlear. 
The  bones  of  the  hand  of  the  Unau  {Cholaj/us)  are  described 
at  p.  306,  fig.  191, '  Sloth.*   In  the  Megathere  the  wrist  has  a 
scapho-trapezium,  fig.  191,  si,  but  the  trapezoid  and  magnuai 
are  distinct.    The  poUex  is  represented  by  a  stunted  meta- 
carpal, I:  that  of  the  minimus,  figs.  191,  279,  v,  is  long  and 
supports  one  or  two  short  thick  phalanges:  the  second,  li, 
thiid,  III,  and  fourth,  iv,  digits  are  |>owerfuUy  ungmcidate* 
but  the  first  and  second  phalanges  coalesce  only  in  the  medtus, 
1,  2,  iiL   The  massiye  metacarpal  is  squared,  firmly  attached  to 
the  contiguous  ones,  with  the  outer  angle  of  the  base  produoed  and 
wedged  between  that  of  the  annularis,  the  magnum,  and  uncifonae.' 

In  the  Sloths  the  femur,  fig.  264,  65,  is  straight,  Hke  the 
humerus,  but  is  thicker  and  shorter ;  the  head  shows  no  impre^ 
rion  for  a  ligamentum  teres.  The  tibia,  66,  and  fibula,  €7,  are 
up{>(vsitely  bent,  leaving  a  wide  interosseous  space,  as  in  the  for^ 
ann,  but  are  still  shorter  than  their  homotypes.  The  mner 
malleolus  projects  backward  and  supports  a  grooved  process:  the 
lower  end  of  the  fibula  fit«,  like  a  pivot,  into  a  socket  in  the 
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astragaliM.    In  Brad,  tridaetylus  the  ealcaneum  is  remukablj 
long  and  comprcflsed.    The  scaphoid,  cuboid,  and  cuneifonn  bones 
have  become  confluent  with  each  other  and  the  metatarsals,  of 
which  the  first,  i,  and  fifth,  «,  exist  only  in  rudiment.  The  other 
three  have  likewise  coalesced  with  the  proximal  phalanges  of  the 
toes  which  they  support.   In  the  Brad,  didactylut  the  ento-  and 
meso-cuneiform  bones,  the  rudiments!  metatarsal  of  the  hallux, 
and  the  metatarsal  of  the  second  toe  are  confluent  into  one  bone : 
the  rudimental  metatarsal  of  the  fifth  toe  has  not  become  united 
with  that  of  the  fourth  toe.    The  functional  toes  have  loug  pre- 
hensile daws  like  those  of  the  fingers ;  by  the  peculiar  ankle- 
joint  the  foot  is  turned  inward,  and  the  advantage  in  grasping  is 
obtained  at  the  cost  of  the  power  of  stepping  on  flat  ground* 

The  Megathere  has  a  pivoted  articulation  of  the  foot  with  the 
leg,  but  the  process  and  the  cavity  are  on  reverse  parts  of  the 
ankle^foint,  and  the  astragalus  sends  a  process  to  fit  a  cavity  in 
the  tibia.    The  result,  in  the  inflection  of  {he  hind  foot,  is  nearly 
the  same :  but  an  enormous  ealcaneum,  fig.  279,  e/,  and  metatarsal 
of  the  fifth  toe,  ib.  v,  rest  broadly  on  the  ground.   The  lower 
surface  of  the  astragalus  transmits  the  superincumbent  weight  in 
two  directions ;  backward  upon  the  heel-bone  and  forward  upon 
the  metatarie.    By  the  navicnlare  it  is  transmitted  through  the 
ectocuneiforme  and  the  produced  angle  of  the  base  of  the  mid- 
metatarsal  to  the  fourth  and  thence  to  the  fifth  metatarsaL  The 
cuboides  receiving  the  weight  ftom  both  astragalus  and  naviculare 
transmits  it  by  its  produced  fore-part  to  the  base  of  the  fourth 
metatarsal,  and  partly  by  that  medium,  but  chiefly  by  direct 
articulation,  to  the  side  of  the  flfUi  metatarsaL    The  tendency  of 
the  cuboides  to  yield  under  this  pressure  and  slip  back  is  resisted 
by  the  abutment  of  the  ealcaneum  against  its  back  part.  The 
digitus  medius,  ib.  tn,  was  alone  developed  to  sustain  and  wield 
a  daw;  but  this  was  of  enormous  size,  and  must  have  had  the 
power  of  a  pick  when  worked  by  the  lever  of  the  long  bed-bone. 
The  first  and  second  toes  were  not  present,  nor  was  the  ento- 
cnndform  bone*   The  two  outer  toes,  tv  and  v,  terminated  in 
tuberous  phalanges,  evidently  imbedded,  in  the  living  animal, 
in  a  hoof4ike  thickening  of  the  outer  border  of  the  foot.  The 
outer  side  of  the  fore-foot  presents  a  similar  modification  for  quasi- 
ungulate  progression  on  the  ground.   Thus  the  Megathere,  My- 
lodon,  and  allied  great  terrestrial  Sloths  seem  to  have  combined 
ungulate  and  unguiculate  characteristics  in  the  same  extremity. 

The  principle  of  viewing  structures  and  instruments,  in  reference 
to  the  work  ^t  they  may  do,  is  shown  to  be  good  in  gaining  in- 
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sight  into  the  mode  of  life  of  cxliuct  auinials,  in  ji  j^trikiiitj  tle^rtve 
tlmnigh  its  applicatiou  to  the  skeletons  of  the  .MeLrariit  i  ioid-*.'  TU 
teeth  of  these  conform  so  closely  in  uli  charactei-s  witli  tlioc^  d 
the  Sloths  as  to  suggest  leaves  rather  than  roots  to  Ija%-e  liem 
their  food.    In  the  light  slender  Sloths  the  iiioiiiiic^it  i.  .n^  of  *trtK- 
ture  for  climbing,  eluiirinu.  and  living  altog*  tIi«  r  in  trct^.  nr 
carried  out  to  an  extreme.    In  the  colossal  r  vtiiKt  kin.t-  rii. 
foliage  was  obtained  in  a  different  way.    The  huge  .--inirli'  .  law 
on  the  hind  f<x)t  would  be  applicable  as  a  pickaxe  to  <»k  ar  awa? 
the  soil  from  between  the  ramificatiuiLs  of  the  rix^ts  :  a  «=^-oond 
claw  would  have  interfered  with  such  work.  Tlie  lo<it  ij,  or^unis^i 
to  give  great  strength  to  that  claw:  di?«locatioii  t»f  itiTtoe  i« 
specially  guarded  against;  the  restol  ilu  tar?o-nietatai->al  stm, 
rehites  to  tlie  power  of  the  foot  to  sust^iiu  superiiKumhr'ut  pres- 
sure, with  a  position  of  the  claw  bringing  its  side  instead  of  it>  ]«  >in; 
in  contact  witli  the  ground.    The  bones  of  the  thigh  and  le*' 
remarkable  for  their  massive  proportions,  for  their  tlut  kne^is,  an«! 
especially  their  breadth  in  proportion  to  their  length  :  rlu  fvmv.r 
in  bi>tli  M // lodon  nxid  Megatherium  would  rank  rat)nT  w  nh  tin* 
•flat'  than  the  '  long'  bones.  These  osseous  Lulumiis  wvre  nvi'^M 
to  support  the  huge,  heavy,  exj)anded  pelvis,  fig.  2G7.     The  iha-t 
expamsions  are  the  chief  condition:-  of  the  other  characteristic^  of 
this  part:  and  they  are  unintelligible  save  in  relation  to  adecjuaic 
extent  of  origin  of  powerful  muscles,  esj)ecially  those  an«inj 
fwm  the  crista  ilii,  62,  the  chief  of  whieh  muscles  ci»ncviitmie 
their  force  upon  the  fore-limbs.    This  indicates  that  these  limb* 
were  put  to  some  unusual  work  ;  and  the  inferences  from  the 
teeth  and  the  hind  claw  lead  to  its  recognition  as  the  y>fi!lin? 
«lo\vn  trees  and  wrenching  off  their  branches:  but,  for  th»-f 
operations,  the  pelvis  must  have  adequate  fixity  ;  and  to  tli- 
weight  and  strength  of  itself  and  its  .^up|)ortinL'  limbs  thcrv  \- 
added  a  tail  so  developed  as  to  serve  as  a  thnd  su j>jK»rt  smd 
give  the  pelvis  the  basis  of  a  tripod.    Without  this  view  of  the 
tiineliou  o(  the  hind-parts  of  the  skeleton  we  can  onlv  sec  th:iT 
the  pelvis  is  so  great  and,  with  its  caudal  appendage,  piv  woitjlirt 
«!«  to  ivijuire  the  massive  proiKjrtions  and  strueture  of  tlio  liind- 
bn>bs:  and,  recipnx'ally,  that  these  bespeak  a  pr()jM>rii..nute  z-'izc 
And  weight  of  the  parts  to  be  sustained:  but  why  such  de\el.>j.e- 
mtM\f  of  suslttiniiig  Hmbs  and  jMirts  to  be  supported  in  reft  rrnc? 
u>  ?^ny  other  action  and  way  of  life  is  inconceivable.    The  ex.  *>a 
v^^  Kvne  in  iht  hind-paii  of  the  skeleton  once  recogniseil  as  relatitfo^ 
IivihI  (mint  of  att«diinent  of  muscular  forcej*  working  tlu 
i^'iv^^wiW,    to  the  exertion  of  power  adequate  to  pru^tnit^  « 
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tree, — and  the  rest  of  the  hony  organiBation  becomes  intelligible. 
That  of  the  hind-foot  has  been  expluincd  :  the  concomitant  extent 
of  muscular  origin  afforded  hj  the  broad  scapular  plate  with  its 
many  ridn^cj!,  crests,  and  proce8seS5  is  thereby  accounted  for.  The 
necessity  of  the  firmneas  imparted  to  the  shoulder  joints  by  the 
perfect  claTicles  abuttin^^  at  one  end  against  a  large  *  manubrium,' 
at  the  other  end  ai^ainst  the  conjoined  acromion  andcoracoid,  be- 
comes obvious.  The  fore*foot  retained  three  huge  claws  to  effect 
an  ade<iuatc  grasp  of  the  trunk  or  bough :  for  their  due  and  varied 
application  the  fore-arm  enjoys  all  the  variety  and  freedom  of 
movements  which  an  ann  terminated  by  a  hand  possesses.  A 
tree  being  prostrated  and  its  foliage  thus  brought  witliin  reach, 
every  indication  in  the  skull  of  the  size,  strength,  flexibility,  and 
prehensile  power  of  the  tongue  harmonises  with  the  foregoing 
teleological  conclusions.  The  Megatherioids,  like  the  Giraffe, 
thus  plucked  off  the  ndiage  ^^•!li(•h  they  fed.  In  the  ridged 
crowns  of  the  grinders  <^  the  (xiant  Ground-Sloth  we  discern 
the  power  of  crushing  coarser  parts — a  greater  proportion  of 
twigs  and  stems,  e.g. — of  the  foliage  than  the  diminutive  Tree- 
Sloths  take.  It  needed  only  evidence  of  the  occasional  occurrence 
of  what  might  happen  to  a  beast  in  tlie  fall  of  a  tree  which  it  had 
uprooted,  to  seal  the  forcijninf:  physioh>«^Meal  inferences  with  the 
Stamp  of  truth :  and  the  skeleton  of  the  Mylodon  in  the  Hun- 
terian  Museum*  shows  that  evidence  above  the  right  orbity  and 
at  the  back  part  of  the  cranium,  marked  /,  fig.  267. 

§  184.  SkeieUm  of  Cetacen,  —  This  is  characterised  by  the 
coarseness  and  greasiness  of  the  dsscniis  texture,  by  the  shortness 
of  the  cervical  and  the  length  of  the  caudal  regions,  by  the  loose 
and  diminutive  pelvic  bones,  by  the  absence  of  pelvic  limbs,  and 
by  the  large  size  of  the  skull,  due  in  most  to  that  of  the  jaws, 
which  in  some  Whales  {BaUtnida^  fig.  159,  I^seter  macroce^ 
phnlus)  is  excessive. 

A.  Vertebral  Column*—  Although  there  is  as  little  outward  sign 
of  a  neck  in  a  whale  as  in  a  fish,  the  same  number  of  cervical 
vertebne  are  present  as  in  the  giraffe.  The  atlas,  fig.  283,  i,  is  the 
largest,  ischaractrr^e<l  l)y  its  huge  and  approximat<^rticular  cups, 
c,  for  the  occipital  condyles,  and  by  the  substitution  of  a  hypapo- 
physis  for  the  true  centrum,  which  coalesces  as  an  odontoid  process 
with  that  of  the  axis :  both  these  vertebras  are  antero-posteriorly 
compressed  and  transversely  extended,  and  the  five  succeeding 
cerncals  are  still  shorter  in  proportion  to  their  height  and  breadth : 
they  are,  in  fact,  lamelliibrm,  without  reciprocal  movement,  and 
usually  exhibit  a  greater  or  less  extent  of  confluence,  the  whole 
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Dorsal  vertebr*,  Wlmlo. 


formmjr  one  mass  lilce  a  *  cervical  sacnim'  in  the  true  WhjJ» 
{Bolfpua,  fig.  159, C),  small  Cachalot8  (^M/>Aj^«<*/e'.s),'  tlie  Grampus* 
the  Porpoise :  the  neural  arches  of  the  axis  and  following  cervk^ 
are  confluent  in  most.  The  cervicals  thus  give  a  firm  su]»p(»rt  lu 
the  larjre  head  which  has  to  overcome  the  resistance  of  tlie  wtto* 

when  the  swift  swimmer  is  deal- 
ing its  course  through  that  tl*^ 
ment.  The  characters  definin*^  tht 
succeeding  vertebra?,  a[)plit*able  U 
comparisons  of  species    and  re- 
cognition of  range  of  variaticio, 
appear  to  be : — the  suj)j>ort  of  free 
ribs;  the  presence  of  transven* 
processes  formed  chiefly  by  coa- 
lesced pleurapophyses,  fig.  141,</; 
the  articulation  of  ha?nia|M>ph\*3e». 
fig.  282,  A,  to  the  centrum,  ib.  c. 
Thus,  in  a  large  British  Dolphin 
{Delphinus  tursto),  the  Bkelet<m  of  which  I  prepared  (and  to  take 
the  bones  from  tlie  carcase  is  almost  essential  to  certainty  as  to 

number  of  ribs  and  h;emal  arches),  ther^ 
are  sixty  vertebrae.  Of  the  seven  cervical 
the  first  two  only  are  anchylosed :  thir- 
teen vertebral  supjwrt  free  ribs  susj>ended 
to  tenninally  expanded  dia|v»physes,  fig. 
281,f/;  then  follow  twenty-nine  with  trans- 
verse processes  only,  as  in  fig.  141,//:  tlie 
thirty-third  vertebra  from  the  skull  fin^t 
supports  a  haemal  arch,  but  in  that  ami 
the  two  following  vertebnc  the  piers  or 
'  hajmajKiphyses  *  are  small  and  unnuitin]: 
the  complete  arch,  as  in  fig.  2H2,  /i,  i* 
continued,  diminishing,  to  the  last  six 
vertebrae,  which  consist  of  the  centnini 
only,  much  depressed.    Thus,  between 
the  thirteenth  dorsal  vertebra  an<l  the 
first  with  haema|K)phy8es,  there  are  thirteen  which  might  he 
termeil  '  lumbar,'  fig.  151),  D,  Cf/,  but  hold  the  place  of  lumbar  and 
sacral  in  other  Mammals  {Metfatherium^  e.g.,  fig.  279,  L,  8).  A 
sacrum  is  never  indicate<l  by  vertebral  confluence  in  Cetacea,  and 
only  ol)scurely  by  the  iK)sition  of  the  pelvic  rudiments,  fig.  159, 
63,  64,  loosely  suspended  below.    In  the  Delph.  tursio  a  metapo- 
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physis  begins  to  project  firom  the  fore  part  of  the  diapophyns  of 
the  third  dorsal,  increases  in  length  to  the  fourth,  and  is  gradually 
transferred  in  the  sixth  and  seTenth  dorsals  to  the  outer  side  of 
the  prozygapo^jhyaes :  in  the  following  Tertebraa  it  seems  to  take 
their  place,  and  to  occasion  a  reversing  of  the  usual  relative  posi- 
tion of  the  zygapophyses ;  for  whereas  in  the  cervical  and 
anterior  dorsal  vertebra  the  anterior  ones  are  overlapped,  as  in 
other  Mammals,  by  the  posterior  zygapophyses  of  antecedent 
vertebne, — in  the  succeeding  dorsals,  beginning  with  the  seventh, 
the  posterior  zygapophyses  seem  to  be  overlapped  and  con- 
cealed by  the  anterior  ones ;  but  the  appearance  is  due  to  the 
place  of  the  zygapoj)]ij<c8  being  taken  by  the  metaix)pliyse8.* 
These  latter  processes,  in  fact,  continue  after  the  articular  surface 
has  ceased  to  be  developed,  and  afler  the  entire  disappearance  of 
the  posterior  zygapophyses,  to  project  forward  from  the  thirteenth 
dorsal  to  the  sixth  lumbar  vertebne  inclusive ;  beyond  which  the 
neural  arch  is  devoid  of  all  exogenous  processes,  save  the  spine, «, 
until  the  middle  caudal  vertebne,  where  rudiments  of  the  meta- 
jKiphyses  agiiin  reappear.  There  are  no  anapophyses  in  the 
Ceiaeea* 

The  four  anterior  ribs  have  a  head  and  neck :  the  rest  are  sus- 
pended by  the  homologne  of  the  tubercle  to  the  end  of  the  trans- 
verse process.  The  costal  cartilages  are  partially  ossified :  the 
first  four  pairs  articulate  witJi  the  sternum:  the  original  separations 
of  the  parts  of  that  bone  have  disappeared.  The  first  piece  or  manu- 
brium has  an  anterior  median  notch  and  two  broad  lateral  processes. 

In  Delphinus  delphii^  of  the  seven  cervical  vertebne  the  first 
two  have  become  anchylosed  together :  there  are  sixty-three  other 
vertebrtt,  of  which  the  first  fifteen  bear  moveable  ribs;  thirty- 
three  vertebne  have  transverse  processes  without  ribs :  the  forty- 
second  vertebra  from  the  skull  begms  to  support  htemapophyses : 
the  eight  terminal  vertebra  consist  of  the  centrum  only,  and 
are  much  flattened.  The  metapophysis  b^;ins  abruptly,  as  a 
long  well-marked  process,  from  tiie  fore  part  of  the  diapophysia 
of  the  fourth  dorsal,  progressively  approximates  and  attains  the 
outside  of  the  prozygapophysis  in  the  eighth  dorsal,  performs  the 
function  of  an  articular  process  as  far  aa  the  sixth  lumbar,  damp- 
ing, as  it  were,  the  sides  of  the  back  part  of  the  base  of  the  spine 
of  the  antecedent  vertebra,  disappears  in  the  next  dozen  lumbar 
vertebra,  and  reappears  in  the  caudal  vertebra  at  the  fore  part 
of  the  base  of  the  spine.  The  six  anterior  pairs  of  ribs  support 
hflMDapophyses  whidi  unite  directiy  with  the  sternum. 

*  Zbtr.  Note.  vol.  ii.  p.  45i. 
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In  the  common  Porpoise  (Phoceena  (communis)  all  the  cernab 
are  anchylosed,  and  the  head  of  the  first  free  rib  rests  upmi  their 
coalesced  bodies :  there  are  fifty-six  other  vertebra,  thirteee  of 
which  are  *  dorsal,^  or  have  moveable  ribs.  The  diapophjses  aivi 
spines  of  the  lumbo-caudal  vertebras  incline  forward.  In  tbe 
Narwhal  all  the  seven  cervicals  are  free :  the  wielding  of  tk 
horn-like  tusk  of  the  male  is  the  condition  of  their  ^ealer  freedoB 
of  movement  in  the  neck.  Beyond  the  cervicals  are  fift^f^is 
vertebr»,  twelve  of  which  have  moveable  rib6»  and  of  these  six  pain 
join  the  sternum.  In  the  Bident  Dolphin,  or  Bottle^ioeed  Whale 
(Uyperoodon  bideiis),  the  cervical  vertebrae  have  ooaleaoed  with  mie 
another:  beyond  these  there  are  thirty-eight  free  vertelyne,  uimhatk 
only  the  nine  anterior  bear  moveable  ribs:  the  twenty-secnn^ 
vertebra  first  bears  hasmapophyees  attached  to  the  under  part  '*f 
the  centrum.  The  five  anterior  paira  of  ribe  articulate  wtlh 
sternum,  which  consists  of  tlirrc  bones. 

In  the  Baltenu  mysticetns,  fig.  169,  there  are  tfaiiteen  dorsal^: 
as  many  vertebne  without  ribs  intervene  between  these  and  tk 
first  vertebra  with  haemapophyses ;  the  rest  of  the  oolimin,  thii 
inclusive,  consists  of  twenty-two  vertebrae,  the  last  dozen  being 
reduced  to  the  centrum,  which  is  much  depressed,  the  last  two  or 
three  coalesce.  The  seven  cervical,  ib.  o,  are  blended  into  one  h^^^- 

In  a  young  or  fcetal  Whale  {Bal<Bna  australis)  ^  the  cemcal 
neurapophysQS  of  one  side  are  disunited  above  from  those  of  the 
other  side,  as  they  are  from  the  centrum  below :  a  compres«»l 
diapophysis  is  sent  off  from  the  outer  side  of  each ;  it  is  siiort<»* 
and  thickest  in  the  atlas.    The  third  and  fourth  neurapophy»es 
have  coalesced  at  their  upper  part  on  the  left  side,  and  th' v^c  of 
tlie  last  five  vertebm  have  coalesced  on  the  right  side. 
cortical  portion  of  the  centrum  of  the  atlas  is  ossified^  and  /^  Tn^* 
a  wedge-shaped  piece  of  bone,  like  the  corresponding  part  in  the 
Ichthyosaurus.    The  centrums  of  all  the  cervicals  are  comuU^ 
In  the  adult  true  Whales  (Balana),  the  cervicab,  fig.  2<>3,  i-'^ 
are  distinguishable  mainly  by  the  intervals  for  the  passage  of  the 
nerves  between  the  neural  arches.  In  Baltsnoptera  rostrata,  nnchj' 
losis  docs  not  proceed  farther  than  to  unite  the  atlas  with  the 
dentata,  and  the  sixth  with  the  seventh  vertebra.    In  BaL  boop*^ 
Bal.  pntnrhonicha,  and  some  other  Fin-whales,  the  atlas  retains  its 
individuality.   The  interval  between  the  lower  (pleurapophysial  ^» 
fig.  283,  Pf  and  upper  (diapophysial),  ib.  </,  part  of  the  transvei^ 
process  is  wide>  often  oi>en,  and  when  circumscribed  usually  leaves 
a  large  foramen.  In  the  sevenUi  cervical  the  diapophysis,  4^  aloa« 
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is  developed,  as  a  nile,  and  the  head  of  the  first  dorsal  pleurapo- 
jihysis  abuts  against  its  centrum.  The 
diapophyses  progressively  elongate  in 
tlic  dorsals,  and  support  the  corre- 
spondingly lengthening  ribs.  The 
discoid  terminal  epiphyses  long  retain 
their  individuality  in  Cetacean  verte- 
bne,  longest  in  Baleena,^ 

The  *  breast-bone  *  in  Physeteridct 
consists  usually  of  three  sternebers, 
t*ach  ossified  from  a  pair  of  centres 
Avhich  tardily  coalesce,  save  in  the  first 

jind  largest.  Four  pairs  of  ribs  directly        Anchyio»cd      of  cervical., 
unite  with  this  sternum,  as  in  Delphinus  '""^'^  m^tieMu,. 

Tursio,  in  which  the  sternebers  ultimately  coalesce  into  a  single 
bone.    In  Jlyperoodon  and  Ziphius  there  are  four  sternebers,  with 
a  vacuity  at  the  middle  of  each  articulation,  and  five  pairs  of  ribs 
articulate  with  the  sternum.    The  sternum  in  Whales  consists  of 
but  one  bone,  to  which  is  usually  connected  a  single  pair  of  ribs. 
The  articular  surfaces  for  these  mark  its  sides :  in  the  more  active 
BalaenojUera  the  bone  is  deeply  notched  in  front,  produced  behind, 
fig.  284,  Avhere  it  is  ridged  below.  The  sternum 
is  short  and  broad,  shield-shaped,  in  Bal<pna : 
rhomboid,  sometimes  with  a  central  perfora- 
tion, in  K}/phohal(cjia,  Esch.    One  or  two  of 
the  ])osterior  plcuraj)ophyses  are  loosely  sus- 
pended by  ligament  to  the  diapoj)hyses  of  their 
vertebra  in  many  Delphinidce.* 

B.  ^Am//.— The  cranial  neural  arches  con-  Btcmum uf i.ai«^. 
tinue  to  manifest  the  j)eculiar  proportions  which  are  shown  in  an 
exaggerated  degree  in  the  cervical  series.  In  an  advanced  fcetal 
Cachalot  (Phi/scter  macrocephahis)  I  find  the  elements  of  the 
epencephalic  arch  unanchylosed.  The  lateral  margins  of  the 
anterior  half  of  the  basioccipital  are  produced  and  bent  obliquely 
downward.  The  exoccipitals  are  nmch  produced  and  expanded 
laterally,  like  the  neurai)ophyses  of  the  atlas  in  fig.  283,  i  :  they 
are  dcci)ly  notched  below.  The  superoccipital  contributes  the 
upper  ends  of  both  condyles ;  it  is  in  the  form  of  a  vertical  plate, 
convex  from  side  to  side,  and  developes  internally  a  falciform 
crest.    The  superoccipital  is  overlapped  at  its  lower  and  lateral 

'  xLiv.,  voL  ii.  p.  440.    In  Fin-Wbalcs  the  anch)rlo8i8  is  noted  in  certain 
of  no.  2444,  p.  441.  ^ 
^  xcviir.  p.  ».  xcxx'.,  p.  72,  taf.  4  and  5. 
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angles  by  the  exoccipitals,  anterior  to  which  it  atluins  to  the 
alisphenoids,  and  l.s  notched  externally  ior  the  reception  of  t': 
upper  angle  of  the  squamosals.    The  basisphenoid,  a  tliick  hen.- 
f;onal  hone,  concave  from  side  to  side  below,  nearly  Hat  aVove. 
is  anchylosed  to  the  alisphenoids  :  it  i&  perforated  or  groo\  l>\ 
the  cntocarotids,  but  has  n»)  clinoid  processes  nor  sella  turcica. 
The  a1i-|ilKTioid8,  perforated  near  the  ini<1(lle  of  their  base  W 
the  foramina  ovalia  and  rotunda,  have  a  thick  quadrate  pjate  ot 
their  inner  side,  forming  tlicir  cranial  eiurface  :  they  exteiKl  into  i 
point  anteriorly,  and  articulate  with  both  tlie  frontal  and  wiiL 
the  parietal  angle  of  the  superoceipital.    The  neural  spine  ot 
the  jmrietal  vertebra  is  a  thin  plate  pai-tly  detached  and  paril; 
anchylosed  to  that  of  the  occipital  vertebra:  the  lower  angl*^ 
are  oonfluent  with  the  diapophyscs,  called  *  mastoids,'  whiclt 
here,  as  in  other  Cetaeea,  are  distinct  ham  the  petrosal^  and 
chiefly  support  the  squamosals:  these  enter  a  ^ooTe  of  tb 
Buperoocipital  posteriorly,  and  receive  the  alisphenoid  in  ^ 
groove  anteriorly.    The  presphenoid  and  the  anchylosed  oriHto- 
sphenoids  form  the  anterior  wall  of  the  cranial  cavity,  and 
are  perforated  hy  the  optic  foramina:  they  articulate  vrith  Ik 
firontalsj  sending  up  a  small  process  into  the  interspace  at  tk 
heginmng  of  the  frontal  suture,  which  process  is  impressed  hj  a 
blind  fossa  like  a  small  foramen  olfactorium  on  each  of  its  sida; 
the  presphenoid  unites  with  the  basisphenoid:  the  postenr 
and  lateral  parts  of  the  orbitosphenoids  unite  with  tiie  alisffce- 
noids :  the  fore  part  of  the  presphenoid  is  underlapped  by  the 
vomer.    There  is  no  cribrifonn  plate*    The  frontal  bones  are 
large  triangular  plates,  concave  externally,  with  the  outer  and 
fore  angle  produced  into  a  superorbital  process,  the  channel  on 
tlie  under  part  of  which  contracts  as  it  approaches  the  cramarLi 
into  a  long,  deep  and  narrow  groove,  which  lodged  tlie  iniiscJes  of 
the  eyeball.    The  straijrht  median  margins  of  the  irontals  iic 
thinned  ofi'  and  joined  hy  a  squamous  frontal  suture,  the  riglit 
overlapping  the  left.    The  wliulc  posterior  and  lateral  border  - :' 
the  frontal,  as  far  as  the  junction  with  the  squamosal,  }  >r*'>entr  a 
broad,  oblique,  sutural  surface,  which  joins,  by  overlapping,  the 
contiguous  border  of  tlie  su[)eroccipitaL    The  smooth  cerebral 
surface  of  the  frontal^  is  flat  at  the  middle,  arched  at  the  side?, 
and  not  impressed  hy  any  convolutions.     The  vomer  expan<h; 
into  two  aliform  processes  at  its  base,  which  is  applied  against  the 
presphenoid  and  orbitosphenoids ;  it  then  becomes  subcompresse<3 
and  smoothly  excavated,  but  much  more  deeply  at  the  left  side, 
where  it  forms  the  inner  and  posterior  boundary  of  the  jnngle 
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nasal  meatus :  it  again  slightly  expands,  and  afterwards  is  ron- 
tinuedj  gradually  decreasing,  to  near  the  anterior  end  of  the  j)re- 
maxiilaries :  it  is  canaliculate  above,  and  occupied  by  curtilage 
OQntiiraed  from  the  coalesced  prefrontals.  There  is  no  trace  of 
nasal  bones.  The  bone,  formed  by  the  coalesced  jjrefVontals, 
pmetrates  the  posterior  part  of  the  groove  of  the  vomer,  above 
which  it  expaiidis,  unequally,  into  an  obtuse  prominence  rising 
and  inclining  to  die  le£t  side :  it  is  grooved  on  both  sides,  and 
forms  the  septum  of  the  yertical  nasal  passage :  it  is  not  com- 
plicated with  turHnal  or  rhinal  capsules,  as  in  the  so-called 
*  ethmoid '  of  other  Mammals.  The  palatine  and  pterygoid  bones 
articulate  with  the  sides  of  the  expanded  base  of  the  vomer :  the 
margins  of  the  canal  excavated  in  the  upper  surface  of  the  rostral 
production  of  the  Tomer  axe  overlapped  by  the  premaxillaries. 

The  palatal  is  a  small^  triangular  bone,  thickest  anteriorly, 
thin,  produced  and  bent  posteriorly  and  above:  it  commences 
here  by  its  attachment  to  the  anterior  and  outer  angle  of  the 
vomer,  bends  forward,  downward,  and  inward  to  circumscribe  the 
nasal  meatus,  and  receives  in  a  groove  on  its  upper  and  anterior 
border  the  palatine  prominence  of  the  upper  maxillary  bone. 
The  whole  posterior  border  of  the  palatine  fits  into  a  groove  of 
the  contiguous  border  of  the  pterygoid.  The  pterygoid,  whmh  is 
double  the  size  of  the  palatine,  extends  backward  to  the  basi- 
occipital;  articulating  in  its  progress  by  its  expanded  upper  border 
with  the  pre-,  basi*  and  ali-sphenoids :  from  this  border  the  bone 
descends,  arching  inward  toward  its  fellow,  which  it  joins  along 
the  anterior  half  of  its  extent :  the  remaining  free  border  is  divided 
from  this  by  a  deep  notch,  and  drcumsoribes  the  large  posterior 
bony  aperture  of  the  nostril. 

The  maxillary  expands  from  its  palatine  prominence — the 
essential  point  of  its  suspension — backward,  outward,  but  chiefly 
forward,  where  it  gradually  diminishes  to  an  obtuse  point.  It 
oontracta  a  union  posteriorly  with  the  orbitosphenoid  and  ali- 
sphenoid,  and  very  extensively  with  the  frontaL  The  nasal 
process  of  the  maxiUary  is  traversed  by  a  large  vertical  canal. 
The  premaxillaries  are  applied  against  like  whole  inner  surfiMse  of 
the  maxiUaries  between  them  and  the  vomer.  The  right  extends 
much  farther  back  than  the  left  The  capacious  basin  on  the 
upper  surface  of  the  skull,  which  lodges  the  valuable  product 
called '  spermaceti,'  is  formed  by  the  expanded  and  concave  nasal 
processes  of  the  premaxillaries  and  maxillaries,  which  overlap  the 
frontals :  a  stout  ridge  divides  the  inner  concave  from  the  outer 
sloping  surface  of  this  part  of  the  maxillary.    The  malar  bone  is 
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a  iDoderately  long  and  alender  piece,  bent  npoD  itself  at  an  meate 
angle.   The  upper  portion,  wedged  between  the  mazillATy  and 
frontal,  is  the  thickest:  the  lower  and  more  slender  brueh  cs 
bent  downward  and  backward,  oircamscribing  the  orbit  anteriocljr 
and  below,  and  continued  by  ligament  or  fibro-eartilage  to  the 
short  obtuse  siygomadc  process  of  the  iemporaL    There  are  no 
lacrymal  bones.  TitB  anterior  two-thirds  of  the  middle  and  onder 
snifaoe  of  the  maxillary  is  tarayersed  bj  a  vascular  and  dental 
groove :  mdiments  of  teeth  hidden  and  buried  in  the  gam  ara 
usually  found  in  this  groove.    The  squamosal  is  a  comparmtiTely 
small,  but  strong  and  thick  triangular  bone:  the  tipper  tootle 
represents  the  expanded  squamous  part  in  land  Mammals,  mud  ia 
articulated  by  bioad  dentated  sutnral  margins  to  the  frontal  and 
exoccipital :  its  anterior  border  is  grooved  for  ihe  reception  of  the 
alisphenoid :  the  lower  angle  is,  as  it  were,  truncated,  mod  presents 
a  rough  surface  for  the  attachment  of  the  petrotympanic :  a  sbott 
obtuse  anterior  angle  bends  forward  as  tiie  zygomatic  prooees: 
the  under  surface  presents  a  smooth  shallow  cavity  for  the 
condyle  of  the  lower  jaw ;  the  inner  border  of  the  glenoid  aniftoe 
being  produced  downiward  into  a  slender  styliform  process.  The 
tympanic,  here,  as  in  other  Cetacea,  presents  a  peculiar  oonchoidal 
shape,  and  is  extremely  dense  in  texture.   An  outer  plate  bends 
over  the  thicker,  seemingly  involuted  part,  like  the  outer  lip  of  the 
univalve  Pt/rula,  The '  Eustachian  *  outlet  is  at  the  fore  part;  and, 
besides  this,  may  be  noted,  in  Physeter,  the  '  involute  convexity** 
with  its  '  outer  *  and  '  inner '  lobe,  the  '  overarching  plate,*  and 
the  *  rough  tympanic  process,*  by  which  it  joins  imd  ooalesoo^ 
with  the  '  petroMl    this  is  characterised  by  a  deep  fossa.'  The 
condyle  of  the  mandible  projects  from  the  posterior  part  of  the 
base  or  ascending  ramus,  wluch  is  compressed  and  produced  info 
a  low  obtuse  coronoid  process  above,  and  into  a  similar  angle 
below:  a  wide  excavation,  b^inning  on  the  inner  side  of  the 
ascending  ramus,  deepens  and  contracts  into  the  dental  canal, 
which  enters  the  substance  of  the  horizontal  ramus:  a  fissure  i?: 
contiiuied  along  the  inner  side  of  the  ramus  from  this  canal.  :u)J 
is  the  sole  indication  of  a  compound  structure  of  the  jaw.  The 
vessels  and  nerves  emerge  from  Bcvcral  foramina  at  the  outer  ?i<ir 
of  the  ramus,  where  it  is  attached  by  its  long  symphysis  to  its 
fellow :  the  upper  border  of  the  symphysiai  part  of  the  ramus  is 
excavated  by  a  continuous  dental  cnTi  il  or  groove,  now  somewhat 
resembling  that  in  the  upper  jaw.    The  length  of  the  symphv«iti( 
in  the  fcctal  Cachalot  is  three*fourths  that  of  the  rest  of  the 

*  xnti'.  p.  526,  figs.  225. 
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ramus.    In  the  adult  male  the  disproportionate  growth  of  this 
part  of  the  jaw  leads  to  an  excess  of  length  of  the  symphysial  part 
beyond  the  rest  of  the  ramus.    It  is  coextensive  with  the  dental 
series,  which  consists,  in  each  ramus,  of  twenty-seven  teeth, 
conical  or  ovoid,  according  to  their  state  of  developement  and 
usage  :  the  smallest  teeth  are  at  the  two  extremes  of  the  series. 
In  the  young  Cachalot  they  are  conical  and  pointed,  but  become 
obtuse  by  use,  whilst  progressive  growth  cxj)unds  and  elongates 
the  base  into  a  fang,  which  then  contracts,  and  is  finally  solidified 
and  tenninated  obtusely.    The  teeth  are  separated  by  intervals 
as  broad  as  themselves.    In  resjHJCt  to  their  mode  of  implantation 
they  offer  a  condition  intermediate  between  that  of  the  teeth  of 
the  Ichthyosaurus  and  Grampus,  being  lodged  in  a  wide  and 
moderately  deep  groove,  imperfectly  divided  into  sockets,  the 

285 


Skull,  Balnna  myttiettm, 

septa  of  which  reach  only  about  half-way  from  the  bottom  of  the 
groove. 

In  a  foetal  Southern  Whale  {Baleena  oustrnlii),  each  frontal  is 
a  transversely  ehmgated  slender  triangle,  with  its  base  at  the 
frontal  suture,  which  is  a  thick  vertical  symphysis,  and  its  apex 
at  the  supcrorbital  ridge  :  the  inferior  angle  of  the  base  rests  uj»on 
the  prefrontals  and  upon  the  sides  of  the  expanded  base  of  the 
vomer.  The  frontals  take  a  very  small  share  in  the  formation  of 
the  cerebral  cavity.  Their  cranial  surface  forms  a  small  concavity 
at  the  back  part  of  the  base :  a  half-canal  is  c(mtinued  forward 
from  the  lower  angle  of  this  surface  into  the  nasal  cavity.  Almost 
the  whole  of  the  upper  and  outer  surface  of  the  frontals  is  over- 
lapped by  the  parietals  and  occipitals,  leaving  a  very  narrow  ex- 
posed transverse  strip  across  the  upper  part  of  the  skull.  The 
anterior  border  of  each  frontal  is  joined  metiiuUy  with  the  tummiL 
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next  with  the  upper  end  of  the  premaxillary,  and  for  the  rc^t  of 
its  extent  with  the  maxillar}^  bone,  which  is  continued  onward  to 
form  the  antorbital  process. 

In  the  mature  ^lysticete  Whale,  of  which  a  side  view  of  the 
skull  (now  in  the  British  Museum)  is  given  in  fig.  285,  the  maxii- 
laries,  21,  are  disposed  each  like  an  expanded  arch  alon^  the 
outside  of  the  coextended  premaxillaries,  22  ;  their  inferior  surface 
lias  two  facets  separated  by  a  longitudinal  ridge,  to  the  sides  of 
which  the  plates  of  baleen  are  attached.  The  premaxillaries  arc 
compressed  and  diverge  from  each  other  posteriorly  to  fonii  the 
long  oval  outlet  of  the  nostrils,  completed  behind  by  the  n:i^al«i, 
which  are  elongate,  as  in  the  Zcu(jlodon  cetoldes :  the  frontals, 
extend  outward  to  form  the  roof,  1 1,  of  the  small  orbit,  o;  and  there- 
with is  coextended  the  back  part  of  the  maxillary,  21':  a  small  ma- 
lar, fig.  159,  26,  is  articulateil 
to  the  lacrymal,  73,  the  maxil- 
lary, 21,  and  the  squamosal,  y7 ; 
the  most  expanded  part  of  which, 
fig.  285,  27,  forms  the  articula- 
tion for  the  mandible,  29-3s. 
The  superoccipital,  3,  inclines 
forward,  as  it  rises,  and  forms 
almost  the  whole  upi)er  |>an  of 
the  cranium.  The  coalesced  pre- 
frontals are  perforated  by  the  ol- 
factory nerves.  The  presjihenoid 
is  sheathed  in  the  hind  part  of 
the  canaliculate  vomer,  I3,which 
extends  far  forward  along  the 
middle  of  the  roof  of  the  mouth. 
Each  mandibular  ramus  arches 
outward  and  forward  from  the 

8kuU  of  .  Gntmpu.  iPkocma  .IMcep.).  slightly-raiscd  COudylc,  29,  tO  thc 

short,  ligamentous  symphysis, 
32 :  it  is  compressed  and  subtrcnchant  at  both  upper  and  lower 
margins  :  a  coronoid  ridge  is  feebly  marked  ;  there  is  no  ascend- 
ing ramus.  The  skull  of  the  whale  is  more  symmetrical  than 
that  of  toothed  Cetacea. 

In  the  section  of  Delphinida  to  which  the  Grampuses  and 
Porpoises  belong  {Phocfcnfif  Cuv.),  the  facial  bears  a  less  pn.>- 
portion  to  the  cranial  j>art  of  the  skull :  the  latter  is  broad,  ele- 
vated, and  convex  posteriorly.  The  superoccipital,  fig.  286,  a, 
fonns  the  transverse  crest  dividing  the  hinder  from  the  upper 
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surface,  where  it  is  met  by  the  frontals,  ii,  the  overlapped  paric- 
tals  coming  into  view  only  at  the  Rides,  where  they  expand  into 
the  mastoids,  8.    The  maxillaries,  as  they  extend  backward,  rise 
and  expand,  21,  covering  so  much  of  the  frontals,  11,  as  to  alh)W 
V>ut  a  narrow  strip  of  these  bones  to  be  seen,  except  where  they 
dilate  to  fonn  the  roof  of  the  orbit.    The  nasals,  15,  are  oblong 
"tubercles  set  deeply  in  dei)ression3  of  the  frontal,  at  the  back  part 
of  the  nostrils,  e,  e.    The  premaxillaries,  22,  form  the  front  and 
sides  of  these  apertures,  save  at  the  small  juirtiou  contril)uted 
by  the  maxillaries  at  </.     The  nasal  passages  descend  almost 
vertically.    The  malar  is  flattened  where  it  helps  to  form  the 
orbit,  and  is  covered  by  the  maxillary :  it  sends  Ixickward  a  long 
and  slender  process,  which  articulates  with  the  zygomatic  process 
of  the  squamosal,  and  fonns  the  only  lower  boundary  of  the  orbit. 
The  bony  palate  has  a  deep  longitudinal  channel  on  each  side  in 
some  Dolphins. 

'  In  tlie  vertical  section  of  the  cranium  of  the  Porpoise,  fig.  287, 
'     is  shown  the  plane  of  the  occipital  foramen,  2,  inclined  from  below 
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forward :  the  proportions  of  the  inner  wall  of  the  cranial  cavity 
contributed  by  the  ex-  2,  and  super-  3,  occipitals,  by  the  alisphe- 
noid,  6,  the  parietal,  7,  the  orbitosphenoid,  10,  and  the  frontal,  11 : 
the  small  vacuity  between  the  alisphenoid  and  exoccipital  is 
blocked  up  by  the  loosely  attached  petrosal.  The  right  nasal 
passage  is  exposed,  showing  the  proportion  of  the  septum  formed 
by  the  vomer,  13,  and  the  coalesced  prefrontals,  i4  :  the  vomer 
extends  forward  to  the  middle  of  the  u])per  jaw,  which  is  chiefly 
comjwsed  of  maxillary,  21,  and  prcmaxillary,  22.  The  small  pala- 
tines, 20,  articulate  with  the  vomer  and  maxillary,  and  send  back- 
ward the  larger  pterygoids,  24,  which  form  with  the  vomer  the 
internal  or  lower  nostril,  whilst  the  canal  for  the  long  conical 
larynx  is  contributed  by  the  pterygoids,  24,  and  a  corresponding 
descending  plate  of  the  basisphcnoid,  6,  and  basioccipital,  1.  Tho 
squamosal  is  excluded,  as  in  Birds  and  lower  Vertebrates,  from 
the  cranial  cavity.    The  i)refroutals  in  the  ^  '  ^"hhin- 
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apterus)  are  large,  and  ascend  into  y/iew  at  the  back  part  of  the 
noBtrilsy  where  tiiey  ooaleace  with  the  firontak.  The  amall  naaa] 
bones  are  wedged  into  an  interspace  between  them  and  the  fiontab 
at  the  snmmit  of  the  nasal  apertures. 

In  JIt/peroodon  the  skull  is  remarkable  for  the  deycl«  »peniait  of 
the  outer  border  of  each  maxillary  bone  into  a  broad  and  lofty 
vertical  cresti  and  for  the  backward  prolongation  of  the  poaterior 
border  of  the  same  bones  to  the  occipital  region^  where  it  is  de- 
veloped into  what  seems  to  be  an  occipital  crest.  In  PUttami^m, 
the  corresponding  borders  of  the  maxillary,  after  rising  to  the 
vertex,  are  reflected  forward,  converging,  so  as  to  overarch  like  a 
domed  roof  the  circomnarial  part  of  the  skulL  In  £uphyMie$ 
this  concave  space  is  divided  behind  the  nostrils  by  a  vwrtioal 
ridge.  Euphysetet  rimus  >  shows  the  opposite  extreme  to  Salmna 
and  Fhyseter,  in  the  dis])roportionate  shortness  of  the  rostral  or 
'  prenaiial*  to  the  cranial  or  *  postnarial '  part  of  the  skulL  In 
Paraziphiut  ike  vomer  is  singularly  tumid  and  dense. 

The  hyoid  arch  consists,  in  BakemdtB,  of  a  pair  of  atylohyals, 
fig.  288,  as,  ligamentously  connected  with  die  mastoids,  and 

similarly  attached  by  fibrous  re> 
MS  presentatives  of  ceratohyals,  at, 

to  the  pair  of  processes  at  the 
fore  part  of  the  banhyal,  4i. 
This  large,  broad  bone  is  pro- 
duced outwardly  into  a  pair  of 
compressed  bars,  thicker  than  the 
slylohyals,  and  representing  the 
thyrohyals. 

C.  Bones  of  Limht.'-The  clavicle  is  absent  The  scapula  is  a 
flat  triangular  plate,  with  one  angle  truncate  to  finm  the  ganoid 
cavity  for  the  humerus,  and  without  the  'spme'  along  the 
outer  suriace.  In  BakoM,  figs.  159,  289,  6i,  the  triangle  is 
ahnost  equilateral,  with  the  side  forming  the  base  rather  convex, 
and  the  part  supporting  the  truncate  angle,  h,  somewhat  produced, 
forming  a  *  nedc'  The  acromion,  a,  projects  forward  from  the 
outer  part  of  the  neck  near  the  anterior  border.  In  BaiamfUra 
the  base  is  proportionally  longer  than  the  other  two  sides,  and 
forms  a  more  convex  border:  in  Bal*  hn^imanaf  Bud.,  the 
acromion  is  obsolete,  and  the  coraooid  is  mwely  an  obtuse  pro- 
duction of  the  fore  part  of  the  glenoid  cavity.  In  the  Cachalot 
{Fhyseter),  the  convex  base  is  the  shorter  side  of  the  triangle,  the 
vertical  exceeding  the  antero-posterior  diameter  of  the  scapula; 
the  acromiott  is  longer  and  larger  than  in  BalmnidiB,  and  there  b 
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a  long  and  slender  coraooid.  In  EuphyMtieB  the  triangle  is  more 
equilateral^  as  it  is  in  Ziphiw  and  Hyperoodon.  In  De^^hinidm 
the  convex  base  of  the  scapula  is  usually  the  longest  of  the  three 
sides :  the  eztennon  of  the  bone  in  the  axis  of  the  trunk  is  re- 
markable in  the  Grangetio  Dolphin 
(Plaiamtta),  in  which  the  acromion 
projects  mid-way  between  the  an- 
terior basal  angle  and  the  glenoid 
cavity. 

The  humerus,  figs.  159, 289,  53, 
290,  a,  is  remarkably  short  in  pro- 
portion to  its  thickness:  the  head 
is  large,  hemispherical ;  bent  veiy 
slightly  out  of  itke  aads  of  the  bone ; 
with  the  outer  or  radial  tuberosity 
feebly  marked  in  most,  rather  more 
strongly  in  the  Cachalots,  and  form- 
ing a  deltoid  tuberosity :  the  shaft 
becomes  compressed  and  expanded 
toward  the  distal  end,  which  has 
two  ill-defined,  flattened  surfaces 
for  syndesmotio  junction  with  the 
radius  and  ulna.  The  latter,  ib.  ss, 
usuaUy  sends  backward  an  olecra- 
non ;  but  this  is  not  developed  in 
Platanista,  where  the  ulna  is  broader 
and  longer  than  the  radius:  usually 
the  radius  is  the  larger  bone,  as  in 
fig.  289,  64:  both  bones  are  flat- 
tened, shorter  than  the  humerus  in 
Cachalots  and  Platanists,  longer  in 
Whale-bone  Whales,  Bottle-nose 
Whales    {Hyperoodon  Ziphius), 
Grampuses,  Porpoises,  Dolphins. 
The  contiguous  epiphyses  of  the  hu- 
merus and  antibrachials  first  unite 
with  their  respective  shafts:  in  an 
old  Cachalot  and  DelphinuB  TurdOf^  the  radius  and  ulna  are 
anchylosed  with  the  humerus,  fig.  290,  A.   In  a  Southern  Whale 
the  carpus,  fig.  289,  M,  consists  of  seven  ossicles :  the  first  on  the 
radial  side  answers  to  the  scaphoid  and  trapeadum :  the  second, 
in  />.  Turnct  is  wedged  into  a  distal  cleft  between  the  radius  and 
ulna,  and  corresponds  with  the  lunare  in  the  Chelonian  carpus  and 
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that  of  the  Oraiig:  the  third  is  very  smaU,  and  rcprc^enta  the 
cuneifonne :  the  pisiforme  is  separated  from  it  bj  the  junctkm  of 
the  undfonne  with  the  ulna :  the  nndfome  supports  the  radimeni 
of  the  fifth  digit  and  part  of  that  of  the  fourth:  the  magntm 
supports  part  of  the  fourth  finger  and  a  great  part  of  the  third: 
the  trapezoides  is  moTed  to  the  interspace  between  the  third  and 
second  digits,  but  principallj  supports  the  hitter.  The  metacarpal 
of  the  first  digit,  in  i>*  Tursio,  fig.  290,  i,  supports  one  soiall 
[>halaiix :  the  Uiger  metacarpal  of  the  second  digit,  n,  supfiorts 
seven  phahmges:  that  of  the  third,  in,  supports  five  phalanges; 
the  metacarpal  of  the  fourth,  it,  two  phalanges:  the  BMt,  v, 
is  represent^  only  by  a  rudimental  metacarpal  bone. 

In  the  Ghrafbpnses,  Forpoiaes,  and  other  Delphimdm,  the  second 
and  third  digits  are  also  the  longest,  with  the  ezcessiTe  number 
of  phalanges.  The  fifth  metacarpal  articulates  nearer  to  the  anti- 
brachium  than  the  others  do.  In  both  the  Porpoise  and  Grampus, 
c.  g.,  it  is  attached  to  the  ulnar  border  of  the  carpus,  is  broader 
than  long,  and  supports  one  or  two  stumpy  phalanges:  the 
first  metacarpal  is  short  and  slender,  but  its  base  is  on  the 
distal  border  of  the  carpus.  In  the  Hyperoodon  there  are  three 
carpals  in  the  proximal  row,  and  a  second  row  of  four  small 
ossicles  in  the  fibro-cartilaginous  matrix.  The  metacarpal  of  the 
|)ollex  supports  one  phalanx :  those  of  the  second  and  third  digits 

have  each  five  phalanges :  the  fourth  me- 
tacarpal has  tluree ;  the  fifth,  which  is  the 
shortest  of  all,  has  two  phalanges.  In  the  Ca> 
ekalots  and  Z^htus,  the  fourth  digit  more 
nearly  equals  ^e  third  in  length :  in  Bakfna 
mystieetuSf  fig.  159,  iy,it  rather  exceeds  the 
second,  ib.  ii,  and,  like  it,  the  metacarpal 
supports  three  phalanges ;  the  third  meta- 
carpal, ib.  Ill,  having  four  phalanges,  and 
the  fifth,  T,  two:  the  first  digit  »  the 
Softest,  and  consists  of  metacarpal  only. 
In  PUUanUta  the  first  metacarpal  has  two 
phalanges,  the  other  four  each  support  Imut 
phalanges,  the  fingers  being  of  ne»rl  j  equal 
length,  and  more  diveigent  than  usual, 
sup))orting  a  fin  correspondingly  expanded 
to  its  free  truncate  end. 
In  some  Piked  AVhales  (Balamcpiera)  the  first  digit  is  obsolete, 
the  third  and  fourth  much  longer  than  the  second  and  fifth.  In 
Bal*  longimana  {Kyphobakma,  Esch.),  the  third  and  fourth  each 
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support  a  metacarpal  and  six  phalanges.  All  the  digits  in  the 
entire  Cetacean  are  enveloped  in  a  common  fold  of  integument. 
The  increase  of  the  phalanges  of  certain  digits  beyond  the  number 
tViree  is  a  remarkable  instance  of  departure  from  the  mammalian 
type  and  of  affinity  with  the  extinct  enaliosaurs  and  fishes. 

In  the  Delphi nidcB  there  are  a  pair  of  pelvic  bones  larger  in 
males  than  females,  chiefly  subserving  the  origins  of  the  *  erectores 
penis'  and  * clitoridis' ;  and  which,  therefore,  I  regard  as  ischial 
lx>nc8.    In  a  female  Hyperoodon  28  feet  long,  each  ischium 
was  4  J  inches  long,  straight,  subtriedal,  8  lines  in  diameter.  In 
nalana  viysticetus  there  is,  besides  the  ischium,  fig.  192,  63,  a 
smaller,  more  slender  and  curved  ossicle,  which,  being  anterior 
to  it,  seems  to  represent  a  pubis,  ib.  64 :  the  junction  of  the  two 
bones  exi)ands  into  a  surface,  representing  the  acetabulum,  to 
which  is  ligamentously  suspended  a  bone  of  similar  length  to  the 
pubis,  but  thicker,  and  expanding,  with  some  flattening,  to  a 
transversely  extended  convex  surface,  like  that  at  the  distal  end 
of  a  chelonian  femur ;  ib.  65 :  to  which  is  suspended  a  smaller 
rudiment  of  a  tibia,  66.    This  is  the  simplest  condition  of  the 
limb,  or  appendage,  of  the  pelvic  arch  known  in  the  Mammalian 
class.*    There  is  no  outward  indication  of  it  in  the  Wliale.  The 
little  bones,  of  the  relative  size  to  the  rest  of  the  skeleton  as 
shown  in  fig.  159,  p.  280,  are  suspended  beneath  the  last  two 
lumbar  vertebra;,  which  may  thus  be  regarded  as  answering  to 
the  sacral  in  quadrupeds. 

§  185.  Skeleton  of  Sirenia. — In  this  class  of  marine  Mammals 
the  hind  limbs  are  absent,  as  in  Cetacea,  and  the  pelvic  bones, 
where  best  developed,  as  in  fig.  292,  s,  h,  retain  the  size  and 
shape  of  the  small  contiguous  costal  arches.  The  texture  of 
the  bones  is  denser,  the  neck,  though  short,  is  longer  than  in 
the  Cetacea,  and  the  vertebnc  are  distinct:  but  the  chief  dif- 
ferences are  found  in  the  relative  size  and  structure  of  the  skull, 
and  in  the  better  developement  of  the  bones  of  the  pectoral  limb, 
the  digits  of  which  are  not  composed  of  more  than  the  normal 
mammalian  number  of  phalanges  (compare  fig.  292  with  fig.  159, 
p.  280).  The  known  existing  representatives  of  the  Sirenian 
order  are  the  Dugongs  (Hnlicore)  and  the  Manatees  {Manatus): 
the  latest  extinct  form  is  the  edentulous  Sirenian,  called  *  Steller's 

'  The  bonca  described  and  fiijurcd  in  cu.  t.  v.  p.  236,  pL  xxvi.,  figs.  24  and 
25,  were  not  seen  in  situ  by  Cuvicr,  but  arc  de8cril)cd  as  pelvic  bones,  on  the  au- 
thority of  ^L  Dclalande,  the  Articulator.  The  discoverers  of  the  rudiinental  hind 
limbs,  and  authors  of  lxv',  observed  the  pelvic  bonc3  of  the  whale  in  situ  (p.  151 
tab.  n.). 
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i6c'd-^o\y^  {Bhf/t/'/ia  horcnlis.  111.),  last  obncrvccl  in  the  arctic  »e»ii 
off  the  shores  of  Uering'b  Island :  tiic  miocuiic  cjLtinct  geouj 
i^Halitherium)  hii8  1^  its  raiiuiis  in  80iith«ni  Europe. 

A.  Vertebral  Ccivmn.^lsi  ibe  Duguug,  fig.  2U2,  th««  mn 
7  cervical,  C,  19  dorsal,  D,  and  about  26  lumbo-caudal  Tertvbnp, 
L,  s,  ci>.  To  the  29th  vertebra,  countiDg  from  the  skull,  the 
pelvic  arch  is  suspended,  charactoising  it  as  a  sacral  one,  s,  and 
leaving  two  lumbars  in  advance,  the  transverse  processes  of  which 
long  retain  the  suture  indicative  of  their  pleurapophjsial  part. 
The  second  vertebra,  beyond  the  sacral,  first  supports  a  hssmsl 
arch,  and  this  is  Gontinued  to  Ihe  fourteenth  uid  fifWentfa  of  the 
caudal  series,  which,  if  counted  from  the  sacrum,  would  include 
about  twenty-four  vertebns.  Fig.  291  gives  the  characters  of 
the  transitional  vertebrae  between  the  trunk  and  tail,  especially 
as  a®)rded  by  modificfttions  the  hsBHial  ardi.  In  the  post^ior 
dorsal  vertebras,  the  pleurapophysb,  p/,  is  Ihe  sole  oeeified 
element  of  the  haemal  arch;  it  progressively  shortens  in  the 
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Ifitli,  1,  I7th,  2,  and  18th,  3,  \c'rtcl)r:vv,  retainiri;r  its  moMIiiv: 
and,  in  tlic  19th,  A,  it  shortens  suddenly,  but  usually  -svith  more 
extended  ()j;>ification  in  the  sclerous  basis  of  the  rib  than  is  shi>\%a 
in  the  figure.  In  the  vertebrae,  n  and  c,  the  p!cun»iK.j)by«;is 
besides  V)ein<:r  short,  becomes  continent  with  tlie  centrnni,  a 
'trari-Nrrse  process/  and  characterises  them  a,s  *  lumbar.'  The 
peleruLis  or  tendinous  continuations  ot"  the  ]ileurai>«.pliy.ses  into  the 
abdominal  muscles  are  indicated  by  dotted  lines.  In  the  ver- 
tebra D,  the  ossiHcation  which  extendi  the  plcnrapophysis, 7. 
beyt)nd  the  ]>art,  r/,  representing  the  transverse  process,  retains 
a  ligauientoua  union  therewith,  and  represents  the  •liiunj;  a 
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lower  ossification  in  the  hiemal 
arch  establishes  a  bony  *  haima- 
pophysis,'  A,  and  represents  the 

*  ischium.'  It  is  ligamentously 
connected  at  it^  lower  end  to 
itB  fellow,  completing  by  such 

*  symphysis  ischii '  the  pelvic 
haemal  arch.  In  the  vertebra, 
E,  the  proximal  part  only  of  the 
pleurajwphyBis  is  ossified,  as  in 
the  lumbar  scries ;  and  this  is 
the  case  with  the  succeeding 
vertebra?  :  but  the  centrums  ex- 
hibit, at  their  under  surface,  arti- 
culations for  parts  answering  to 
the  lower  |>ortion,  A,  of  the  hxmal 
arch  of  the  vertebra  D.  The 
parts  in  question,  9,  lo,  ii,  /i,  are 
severally  united  together  by  their 
lower  or  distal  ends,  at  first  liga- 
mentously, but  aftenvanls  by  co- 
ossification,  constituting  inverted 
bony  arches  of  the  chevron  shape, 
and  which  are  serially  homolo- 
gous with  the  bony  hajma|)ophy- 
ses,  A,  of  the  pelvis,  and  the 
sclerous  or  cartilaginous  ha?m- 
aiM)phy8es  of  the  trunk  :  they  are 
dislocated  from  their  j)leura|K)- 
j)hyses  and  ai>proximated  to  their 
centrums,  with  a  slight  horizontal 
displacement  leading  to  their 
partial  articulation  with  tliat  of 
the  vertel)ra  succeeding  their 
own  (see  fig.  188,  p.  299).  These 
hicmapophyses,  fig.  292,  A,  O/, 
are  not  developed  in  the  terminal 
vertebnc,  the  last  six  of  which 
are  represented  by  horizontally 
flattened  centrums,  o,  sust^iiuing, 
as  in  CetaceuyH  horizontal  tail-fin. 

Tl»c  ribs  of  the  dorsal  verte- 
bra;, fig.  292,        are  massive. 
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peculiarly  so  in  the  Manatees :  the  first  in  the  Dugoog  has  %  long 
oblique  process  from  the  under  part  of  the  neck,  and  a  shorter 
process,  terminated  by  a  rough  surface,  from  the  inner  border, 
two  inches  from  the  lower  end  of  the  rib.  The  first  three  or  four 
pairs  of  ribs  join,  by  cartilaginous  hsmapophyses,  the  stemum, 
which  consists  of  two  bones  and  a  xiphoid  cartilage:  tiie  two 
Btemebers  coalesce  into  a  single  bone,  of  the  borders  of  which  the 
costal  articulation  occupy  the  middle  third.  From  the  third  to 
the  sixteenth  dorsal,  the  libs  are  of  nearly  equal  length.  Many 
of  the  succeeding  ribs  have  a  process  from  the  poeterior  margin, 
simulating  the  costal  appendages  in  Birds.  The  metapoph  jses  are 
not  deyeloped  so  as  to  supersede  the  prozygapopliyses,  as  in 
Cetaeea*  The  neural  spines  are  of  equal  length  and  similar  in- 
clination slightly  backward.  In  the  Dugong,  %.  292  c,the  atlas 
has  short  par-  and  di-  apophyses,  and  the  neural  ardi  is  per- 
forated on  each  side  near  its  anterior  border:  in  the  axis  the 
transverse  processes  are  chiefly  by  diapopliyses.  In  the  fborth 
cervical,  the  right  process  was  pieieed  by  the  vertebral  artery ;  in 
the  seventh, the  left  process:  the  other  diapophyaes  were  notched. 
The  centrum  of  the  seventh  cervical  has  a  facet  on  each  side 
for  the  first  pair  of  dorsal  ribs.  The  side  of  the  centrum 
of  the  first  dorsal  vertebra  bears  two  articular  fiteets;  oat 
of  which  is  smaller  than  the  other,  looks  forward,  and  receives 
a  part  of  the  head  of  that  rib  which  articulates  with  the  pre- 
ceding vertebral  the  other  looks  backward,  and  receives  a  laige 
share  of  the  head  of  the  second  dorsal  rib.  The  transveive 
processes  are  long  and  stroi^,  and  present  on  their  extremity 
an  articular  facet  which  receives  the  tubercle  of  the  first  firee  or 
dorsal  rib. 

In  ManaiHs  Amerieonui  the  cervicals  are  also  very  short,  but 
only  four  of  these  compressed  vertebne  intervene  between  the 
axis  and  the  first  dorsal :  seventeen  vertebne  support  the  move- 
able ribs,  and  are  followed  by  about  twenty*two  lumbo-caudal 
vertebrsB :  the  hemal  arch  commencing  at  the  lower  intenpaee 
between  the  fourth  and  fifth  of  their  series.  The  pelvic  bones 
are  reduced,  as  in  most  Oefocea,  to  an  isdiium  giving  origin  to  an 
'  ischio-cavemoeal,*  and  insertion  to  an  '  ischio-coccygeal '  muscle. 
In  a  half-grown  Manatee  I  have  seen  the  neurapophyses  of  the 
first  twenty-nine  vertebras  still  suturally  joined  to  their  eentrum. 
But  two  pairs  of  ribs  join  the  sternum,  which  soon  becomes  a 
single  bone,  with  a  costal  process  on  each  side  of  the  middle 
part. 

The  vertebral  characters  ofBhytina  agree  in  the  main  with  thoae 
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of  existing  Sirenia.^    Stcller  assigns  to  it  six  oervicals^  as  in 

Mnnatus.    Nine  pairs  of  ribs  are  said  to  have  joinerl  the  sternum. 

B.  Skull. — The  facial  or  rostral  part  of  the  skiill,  anterior  to 
the  <)rl)it.s,  is  short,  especially  so  in  jSlanatus^  fig.  239,  in  which  it 
slightly  descends:  in  Jlulirhore^  figs.  292,  294,  S2,  it  is  bent  down 
more  abruptly:  in  Rkytina  the  angle  of  the  nppcr  contour  of  the 
rostrum  is  greater  than  in  Manatus,  that  of  the  lower  contour  less 
than  in  HaUchorey  exemplifying,  as  in  other  [)art8  of  the  skeleton, 
an  intermediate  character.  All  the  skull-bones  are  massive  in 
Sirenia,  and,  save  in  the  in- 
stances of  anchylosis,  are 
somewhat  loosely  connected 
together.  In  the  Dugong  the 
basioccipital,  fig.  294,  i,  is  a 
triradiate  bone,  the  two  short 
rays  diverging  posteriorly  to 
join  the  exoccipitals,  and 
forming  the  lower  end  of  each 
condyle.  The  exoccipitals,*, 
almost  meet  above  the  fora- 
men magnum :  they  have  a 
short  rough  paroccipital  pro- 
cess. The  superoccipital,  3, 
is  early  anchylosed  to  the 
parietals,  which  have  equally 
coalcscetl  into  a  single  sub- 
quadrate  massive  bone,  fig. 

293,  7,  with  the  sides  bent 
down  at  nearly  a  right  angle 
with  the  almost  flat  upper 
part,  which  is  perforated  by  a  'foramen  parictale.'    A  falciform 
ridge  descends  from  the  inner  surface.    The  basisphenoid,  fig. 

294,  5,  has  coalesced  with  the  alisphenoids,  which  are  grooved 
\n)\]\  beliintl  and  before,  not  perforated,  by  the  trigeminal  nerve. 
The  ma.«*sive  pterygoids  are  anchylosed  to  the  biisc  of  the  ali- 
sphenoids: the  posterior  ends  of  the  palatines,  which  are  wedged 
into  the  interspace  between  the  ento-  and  ecto-  pterygoid  pro- 
cesses, send  upward  a  part  which  appears  in  the  temporal 
fossa  behind  the  maxillary.  The  presphcnoid,  as  a  compressed 
'  rostrum,'  is  wcdgcil  between  the  lamina;  of  the  vomer,  and  has 
coalesced  with  the  confluent  orbitosphenoids  which  it  supports. 
There  is  no  *  sella  turcica.*    The  orbitosphenoids  are  perforated 
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bv  widely  f'eparatofl  o|>tic  foramina:  they  are  anchylo-jeil  with 
the  coalesced  ]>r»'frontals.  fii;.  294,  14.  The  criluilorm  platen  are 
lodged  in  deep  to-saj,  l)etween  -vvhicli  is  a  crista  <!:alli.  The  fn>n- 
tals,  II,  are  iu>t  ••••uriiient ;  tlieir  orliital  |.ruce>ses  extend  far  t"< •rwnrj 
and  outward  tV«>in  tlie  anterior  aiiu:le?«  :  thev  are  exea\  aTi  'l  l>»  1.  w 
almost  to  the  posterior  margin  by  the  rhiuai  cavity  :  the  nu  dian 

ancrles  of  the  nai^al  bonier  are 
sliglitly  jtroduced,  but  there 
no  trace  of  a  suture  there  inark- 
iuii  out  the  pro[)er  nsy^als.  The 
cranial  plate  ot"  the  frontal  form.* 
a  small  concave  surfa»'e,  not  ex- 
ceeding the  depth  and  thickness 
of  the  ]>osterior  part  of  the  lK>ne 
to  which  it  is  confined.  A  ^ulaIl 
j)art  marked  off  by  a  fissure  from 
the  fore  end  of  the  orbital  pn>- 
cess  represents  an  imperforate 
lacrynial,  fig.  292,  /'. 
Tlie  maxillary,  fig.  294,  21,  is  deHected  anteriorly  ;  its  nasal  and 
malar  processes  do  not  meet  and  circumscribe  the  great  ant«>rl)itjU 
foramen,  but  this  is  closed  by  the  upper  end  of  the  malar  bone.  26. 
The  i)reniaxillarv,  22,  is  remarkable  for  its  very  lartre  antl  lon'j 
deflected  alveolar  porticm,  and  for  its  slender  nasal  ]K»rtioii, 
fig.  293,  c:  it  is  excavated  by  the  deep  alveolus  of  the  iii<  i-i\e 
tusk,  I.  The  stpiauio-mastoid  forms  no  j>art  of  the  inner  >ur!:i.  o 
of  the  cerebral  cavity,  but  is  deei)ly  and  sm(X)thly  excavated  t^r 
the  lodgement  of  the  dense  petro-tympanic.  The  mastoi«l  {»art 
fonns  a  thick  rugged  jirocess,  8,  wedged  between  the  tympanic,  2'<, 
and  jtaroccipital,  4.  The  zygomatic  parts  of  both  squamosal,  2?', 
and  malar,  26,  form  a  strong  arch.  The  petrotympanic  tils  cloiselv 
the  cavity  in  the  squanio-mastoid,  and  partially  closes  the  vacuity 
between  it,  the  occipital  and  sphenoid  bones  ;  the  tvmpanic,  ss, 
descri!)es  two-thirds  of  a  circle  for  the  support  of  the  ear-4lniiu, 
and  is  less  than  the  dense  otic  cap>u]e  with  which  it  is  <n influent 
at  both  ends.  The  stapes  is  an  elongate,  snbcompressed  pyramid, 
with  a  minute  perforation  near  the  base,  an<l  an  epiphysis  at  the 
apex  :  the  incus  is  also  long  and  narrow ;  the  malleus  bruad  and 
bilobate. 

The  mandil)le,  figs.  292,  294,  32,  is  deep  in  p?'njM>rti(»n  to  it3 
length:  the  cor(»n<»id  rises  with  a  slight  backward  curve:  the 
condvle  is  small  and  convex  :  the  ascending  ramus  has  a  ♦•onvex 
hind  border,  curving  to  an  advanced  fceblj -marked  angle:  be- 
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tween  thiB  and  the  deflected  symphjsial  part  the  lower  border  Is 
deeply  concave:  the  sockets  for  the  molar  teeth,  originally  five 
or  six  in  nitmher,  like  those  in  the  maxillary,  are  reduced  to  two 
or  to  one  in  the  old  animal :  the  deflected  symphysis  forms  a  flat 
oval  Burfiice  anteriorly,  with  four  or  five  pairs  of  small  alveoli,  in 
one  or  more  of  which  may  be  an  abortive  indsor,  fig.  160,  a,  d  i  3, 
covered  by  the  thick  homy  plate  attached  to  the  flat  rough  sur- 
face ;  the  dental  canal,  beginning  in  advance  of  the  ascending 
ramus,  ends  by  a  wide  oblique  opening  from  which  channels 
diverge  on  the  outside  of  the  deflected  symphysis. 

In  the  Manatee,  a  large  otocrane  is  also  smoothly  excavated  in 
the  mastoid,  squamosal,  and  exoccipital  bones,  to  which  the 
petrosal  closely  fits  without  coalescence,  its  posterior  surface  ap- 
pearing in  the  space  left  between  the  mastoid,  super-  and  exoc- 
cipitals.  The  basi-sphenoid  coalesces  with  the  alisphenoids,  prior 
to  confluence  with  the  basioccipital  and  prcsphenoid :  the  latter 
similarly  coalesces  with  the  orbitosphenoids,  and  is  continued, 
like  a  rostrum,  into  the  vomerine  flssure.  I  find  no  distinct  nasals 
anterior  to  the  frontal  suture  in  the  new-bom  Manatee;  nor 
other  representatives  of  them  than  the  small  amygdaloid  bones, 
fig.  239,  18,  IS,  articulated  to  ^e  frontals  at  the  posterior  angles 
of  the  nasal  aperture:  this  is  large,  subrhomboid,  horixontaL 
The  wide  antorbital  foramen  is  entirely  surrounded  by  the  maxil- 
lary, ib.  S6*  The  suborbital  plate  of  the  malar  rests  upon  the 
platfonn  extending  horizontally  outward  from  above  the  anterior 
molars,  and  extends  the  floor  of  the  orbit  an  inch  beyond  the 
roof,  the  eyeball  resting  upon  the  concavity  of  the  malar,  as  on  a 
shelf.  The  zygoma,  ib.  S7,  is  unusually  massive.  The  premaxil- 
laries,  ib.  s«,  in  the  young  Manatee,  show  a  pair  of  alveoli  for 
abortive  incisors :  a  similar  pair  impresses  the  fore  part  of  the 
mandibular  symphysis,  and  a  slight  groove  extends  downward 
from  each.  The  symphysis  is  deeply  hollowed  out  behind.  The 
coronoid  is  produced  obliquely  upward  and  forward:  the  angle  of 
the  jaw  is  not  marked. 

The  ossified  parts  of  the  hyoid  arch  are  the  basihyal,  fig.  294, 41, 
stylohyals,  sh,  and  the  thyrohyals,  43 :  the  ceratohyal,  40,  is  carti- 
laginous :  the  arch  is  suspended  to  the  angles  between  the  mastoid 
and  paroccipital. 

C.  Boneto/the  Limbic — These  are  limited  to  the  pectoral  pair, 
and  their  8up[)orting  arch  is  reduced  to  the  scapula,  with  a  short 
coracoid  as  a  tuberous  process.  The  scapula,  fig.  292,  si,  is  sub- 
longate,  recurved,  with  the  convex  anterior  costa  continued  into 
the  base,  with  an  angle  feebly  msrked  in  the  Manatee.  The 
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posterior  ooata  k  concave,  deepest  in  .the  Diigong.  The  outer 
surface  has  a  spine  about  half  the  length  of  the  bone,  marking  off 
a  broad  pre-$[)inal,  from  a  narrow  poet-spinal  fossa:  the  spine 
is  produced  into  a  slender  acromion  in  the  Manatee,  not  in  the 

The  htimeni5:,  ib.  53,  has  the  normal  mammalian  character, 
though  of  small  size,  unth  the  head,  tuberosities,  and  deltoid  crert, 
the  twisted  shaft,  the  epicondyloid  processes  and  intermciliatt- 
trochlear  articular  surface,  for  synovial  articulation  with  the 
ci>iilesced  proximal  ends  of  radius,  54,  and  ulna,  55.    The  latter 
developes  an  obtuse  olecranon :  the  distal  ends  of  the  antibrachial 
hones  are  eztensiTelj  united  and  ultimately  by  bone.     In  the 
Manatee  there  are  six  carpals,  three  in  each  row :  the  outenn^t 
a!\<l  largest  represents  a  cuneo-pisiform,  and  articulates  mth  buth 
the  ulna  and  the  fifth  metacarpal.    The  trapezium  and  trajiezoide!' 
are  refM^ontod  by  one  bone  articulating  with  the  first  and  second 
metacarpal :  the  magnum  suyvports  the  third,  and  the  unciforme 
the  fourth  and  part  of  the  fifth  metacarpals*    In  the  Dugong 
tliere  are  hut  three  carpals :  the  scapho-lunar  and  cuneo-piaifbrm 
in  the  first  row,  56,  and  a  single  transversely  oblong  hone  repre- 
senting the  second  row,  but  leaving  the  major  part  of  the  base  of 
the  Mih  metacar|>al  to  articulate  with  the  cuneiform.   The  pollex,  i« 
is  represented  by  a  styliform  metacarpal :  the  other  digit*  have 
each  three  phalanges :  and  most  of  the  ungual  ones,  in  Manatus, 
supi>ort  nails.    All  the  limb-bones,  like  those  of  the  rest  of  the 
skeleton  in  Sirenia,  are  solid. 

The  herbivortms  Sirenia  have  not  to  move  far  from  their 
favourite  Kn  alities  for  foo<l ;  they  contrast,  in  that  respect,  with 
the  Cftactn  that  pursue  a  living  prey  :  hence  the  difference  in  the 
spe*"itio  gnivity  of  the  bones,  which  in  Sirenia  is  such  as  to  re- 
quiri*  »n  efiort  on  the  part  of  the  animal  to  reach  the  surface  of 
the  water  for  breathing,  but  enables  them  to  browse,  at  eas^e,  the 
voireti»titui  clothing  the  bottoms  of  their  seas,  estuaries,  or  river?. 
The  massiveness  of  the  zygomatic  arches  in  the  skull  contra^itA 
wngnlarly  with  the  slendcrness  of  those  j)arts  in  Whales:  the 
ptervgxnil  pnnluctions  ort'er  a  similar  difference:  the  external 
IhUIV  nostril  is  au*  remarkable  for  expanse  in  Sirenia  as  for  coo- 
Irnction  in  (VA?r  v7.  The  moveineuts  of  the  head  and  jaws,  in 
bvNvw Mug,  call  tor  a  tiexihility  of  the  short  neek  in  Sirmia,  in- 
vNM«^y»tihlo  with  the  fixation  of  that  jiart  which  [irevails  in  nu«t 
*  ',>v:.>iv< ;  the  tlorso-lninbar  verte!>ne  are  articulated  l»v  true  zyga- 
^"^^MN**  not  meiiip^^l'liyscs.  The  pleurapophyscs  are  a>  remark- 
^H^  lhi\'ku«tts  aud  density  iu  Sirenia,  as  in  simiiariuxed  Cetacra 
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for  BlendorneRR  and  oily  j)orusity  of  texture.  Althou<ili  tlie  bunes 
of  the  pectoral  liuihs  are  swathed  in  skin,  the  fins  project  more 
freely  from  the  trunk,  the  elbow  is  better  marked  ;  the  limb-joints 
are  synovial,  not  syndesniotic  merely,  us  in  Cfitarca  ;  and  altliough 
there  are  clearer  indication^  of  the  digita  in  the  ^noi  Sireniay 
none  of  the  din^its  have  mure  than  three  phalanges. 

§  18G.  Skehtun  of  Proboscidia. — AVith  the  exce])tioH  of  a  very 
small  cavity  in  the  femur  and  tibia,  a  li«:]^ht  eancello-retieulate  .struc- 
ture occupies  tlie  centre  of  the  long  bones,  which  have  thick  and 
couipact  osseous  walls.  The  skull-bon(>s  are  extensively  pneumatic. 

A.  Vertebral  Column. — In  the  gimit  mammal  of  the  land, as  in 
that  of  the  sea,  the  neck  is  short,  and  ilirt)ugli  loss  of  length,  not 
of  number,  of  the  cervic4il  vertebras.  In  the  Indian  Elephant, 
fig.  162,  the  vertebral  formula  is; — 7  cervical,  c,  20  dorsal,  d, 
3  lumbar,  3  sacral,  and  31  caudal.  Anapophy^es  are  developed 
from  the  bixteentli  dorsal,  and  articulate  with  inetapo[>hv^es  from 
the  seventeenth.  The  same  joints  are  superadded  to  the  ordinary 
articular  processes,  as  far  as  the  last  hmihar.  Five  pairs  oi'  ribs 
directly  join  the  sternum,  which  coubists  of  four  l)onet'.  The 
epiphyses  continue  detached  from  the  bodies  of  the  vertebras  to 
nearly  lull  growth. 

In  a  half-grown  Elephant,  the  neurapophyses  of  the  atlas  are 
distinct  from  the  hypapophysis,  and  united  to  each  other  above  by 
suture :  the  centrum  is  also  distinct,  but  attached  to  that  of  the 
axis,  of  which  it  forms  the  *  odontoid  '  process.  The  neurapophyses 
develope  both  upper  and  lower  transverse  processes,  which  circum- 
scribe the  vertebrarterial  foramen.  The  same  is  theca.se  with  the 
neurapophyses  of  the  axis,  which  blend  together  above  and  de- 
velope a  thick  bifurcate  spine  before  coalescing  with  the  centrum. 
The  removal  of  the  terminal  epiphyses  of  the  short  Hat  bodies  of 
the  other  cervicals  show:?  ihat  the  upper  fourth  of  the  body  is 
contributed  by  the  neurapophyses,  the  rest  by  the  centrum.  In 
the  fifth  cervical  vertebra,  a  short  and  slender  spine  is  developed 
from  the  summit  of  the  neural  arch.  The  antroverted  costal  ])art 
of  the  transverse  process  is  connate  with  the  parapophysis,  and 
afterwards  coalesces  with  the  diapophysis.  In  the  seventh  cervical 
vert*'hia,  ihe  transverse  processes  consist  of  diai)ophyses  only. 
The  articular  surface  for  the  head  of  the  first  free  or  dorsal  rib  is 
funned,  half  by  the  neurapophysis,  and  half  by  the  centrum.  The 
neural  spine  has  much  increased  in  length,  but  is  slender. 

The  hrst  d(»rsal  vertebra  is  remarkable  for  the  strength  as  well 
as  the  height  of  tlie  neural  spiue.  The  diaiK)physes  are  shorter 
and  thicker  than  in  the  neck.    The  surfaces  for  the  first  and 
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Beeond  ribs  meet  at  en  acate  margin  below ;  they  are  formed  m 
in  the  preceding  vertebra.  In  the  fourth  dorsal  yertebra,  the 
spine  18  still  more  remarkable  for  its  height  and  strength:  the 
Tertebral  bodj  has  a  greater  antero-posterior  thickness,  but  the 
anterior  and  posterior  costal  surfaces  stall  meet  below.  A  Imgtr 
proportion  of  these  snrfaces  is  contributed  by  the  neurapophjaeSb 
In  the  ninth  .donal  yertebra,  the  posterior  costal  surftcea,  which 
are  almost  exclusiyely  formed  by  die  nenrapophyses,  are  separated 
by  a  non-articular  tract  firom  the  anterior  ones. 

The  sixteenth  dorsal  yertebra  shows  only  a  nngle  pair  of  ooetal 
sur&oes,  which  are  whoUy  formed  by  the  nenrapophysea :  the 
meti^mi^yseB  are  well  deydoped.  In  the  remaining  donnls  the 
costal  surTaces  decrease  in  size.  The  first  and  second  ribs  are 
almost  straight,  and  expand  to  join  their  short  sternal  parts :  as 
the  ribs  lengthen,  they  preserve  their  slendemess,  and  are  straigbter 
at  their  lower  halves  than  usual;  the  vertebral  third  is  bent,  snb> 
cylindrical,  and  grooved  anteriorly.  The  lumbar  diapophyses  are 
ihort  and  depressed.  The  neural  spines  of  the  dor8o4iimbar 
series  incline  backward,  gradually  decreasing  in  height,  and  in- 
dicate no  centre  of  inflexion  in  the  capadoas  well-ribbed  tmnfc. 
The  thick  sides  of  the  three  flacrals  which  join  the  ilia  consist  of 
pleurapophyses  which  coalesce  with  both  centrum  and  neural 
arch.  The  neural  spine  subsides  afler  the  seventh  or  eighth 
caudal :  diapophyses  continue  to  the  twelfth,  and  zygapophyses 
to  the  fifteenth :  the  rest  are  reduced  to  the  centrum. 

B.  Skull, — The  cranial  much  exceeds  tlie  facial  part  in  -i/t- : 
its  upper  part  foirns  an  expanded  dome:  but  a  ;;ooti«tii.  as  in 
fig.  296,  shows  tliat  the  cavity  for  the  brain  occupies  but  a  ^mall 
proportion  of  the  baek  jvart  of  the  dome's  base :  the  re-t  lu  iag 
t  iiiuvl  bv  air-siuu^es,  hounded  by  plates  of  bone,  cxtcmiinsj 
between  the  remote  outer  and  imier  *  tables '  in  the  form  of  sinuous 
plates  feo  dispose<l  as  to  give  greatest  streiifrtli  with  least  niatt  riaL 
The  occipital  eondyles  are  small,  appmxtinure  below,  and  prujtvt 
backward  from  the  upper  half  of  the  posterior  surface  of  th« 
skull.  The  occipital  slopes  as  it  rises  to  curve  fomanl  to  the 
vertex,  and  more  so  iu  the  African  than  in  the  Indian  s|>ecic*. 
The  jHX«iin(>n  of  the  epencephalic  eoinpartuM 't  of  the  cranium, 
filT.  296,  e,  the  suspension  nf  the  malar  b«»nt.\  iii;.  295,  26.  in  ilu 
middle  of  tlie  /yixouuitie  areli,  the  size  and  mnncetioii-  ttt"  ihi^ 
premuxillaries,  '2-2,  and  tlieir  deep  ami  lar<:e  aUmli  for  tin-  -ini:li! 
pair  of  incisor^;.  viM-all  characters  ol'  Kodentia.  The  cranial  siuttin^ 
become  obUteraied  :  but  examination  of  the  Bknll  of  a  vrrv- 
young  Klepliant  (indmu)  has  enabled  me  to  give  the  luUowing 
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details: — The  basioccipital  is  notched  behind,  and  contributes 
tliere  the  lower  ends  of  the  occipital  condyles  :  it  increases  in 
thickness  as  it  advances  to  form  the  flat  rough  surface  for 
junction  with  the  centrum  in  advance  (basiaphenoid).  There  is  a 
rough  depression  on  each  side  of  the  under  surface  for  the  inser- 
tion of  the  *  recti  capitis  antici/  The  exoccipitals  form  small, 
inferiorly  approximate  condyles,  fig.  295,  2,  have  no  precondyloid 
foramina,  and  do  not  develope  paroccipital  processes :  they  meet 
above  to  complete  the  foramen  magnum.  The  superoccij)ital  is 
much  expanded,  and  supports  two  supplementary  bones  (inter- 
parietals): it  is  deeply  impressed  by  the  insertion  of  the  liga- 


295 


mentum  nurlue.  The  basisphenoid  has  coalesced  with  the  ali- 
sphenoids,  which  are  separated  from  their  neural  spine  (pariet- 
als,  7)  by  the  intercalated  squamosals,  g.  The  pterygoid  processes 
are  long,  much  expanded  and  excavated  anteriorly,  and  are  per- 
forated at  their  base.  The  alisphenoids  are  perforated  by  a  wide 
*  foramen  ovale.'  The  basisphenoid  when  united  with  the  pre- 
Hphenoid  receives  air  into  the  cells  with  which  the  bone,  as  it 
acquires  vertical  extent,  is  excavated.  The  vomer  retains  its 
<  hararter  as  a  vertical  plate,  fig.  296,  ii.  The  orbitosphenoids 
have  coalesced  with  each  other  at  their  bai^e,  and  also  with  the 
j>rcfrontals  (laminaj  media;  irthmoidei):  they  are  perforated  by  the 
optic  foramina,  and  notched  posteriorly  for  the  foramen  rotundum. 
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The  |M«rlioii^  of  the  olfaotoiy  capsule  elosin*^  the  anterior  orifice 
of  the  cranial  cavity  lorm  exten»ive  'erihriform'  plates.  The 
frontal,  tiir.  2!>  >,  ii.  excessively  expanded  l)y  the  air-^-idl^.  fij'. 
2y6:  it5  hind  border  is  convex,  its  front  one  concave,  and  cx- 
tendetl  omwartl  to  l«>riii  the  superorhital  ridge.  The  n:tsal^.  li, 
arc  short.  triangiUar,  and  pneumatic:  they  ultimately  coale^oo 
with  the  trontal-.  The  mastoid  is  confluent  with  the  stquanioetal. 
and,  bending  forwanl  to  near  the  back  part  of  the  zygomatio  f>iT>- 
ce>s,  circtimscribcs  the  meatus  auditorius  extemus.  The  tympanic 
ci>mplete-  the  inner  part  of  the  meatus,  contributes  to  the  back 
part  of  the  glenoid  cavity,  and  expands  into  a  broa<1  horiztmTai 
plate  Fuppi^rting  the  large  ear-drum :  it  early  coalesces  with  tl&e 
petn>sal.    The  apex  of  this  bone  is  grooved  by  the  entii-carotid. 

The  epencephahc  compartment  of  tlie  cerebral  cavitjr,  Hg. 
296,  f ,  as  in  l,iss'  nhaloy  is  wholly  behind  the  pros-  and  mes* 
encephalic  ones  :  the  rhinencephalic  compartment  is  well  define^L 
The  *  sella '  has  slightly>markeil  ciinoid  processes.  The  orbits 
are  continuous  with  the  large  temporal  fossie.  The  ]KiIatines 
form  the  posterior  half  of  the  intermolar  part  of  the  roof  of  the 
mouth,  and  bound  the  binder  nostril;  they  soon  coalesce  with  the 
pteiTg<oiils  and  maxillaries,  21 :  these  are  remarkable  for  the  lai^ 
proportional  size  of  their  alveoLir  part,  in  advance  of  which  the 
bone  extends  upward  to  be  wedged  between  the  frontal  and  ]*re- 
nuudUary.  downward  and  forward  to  Strengthen  the  socket  of  the 
tusk,  and  backward  to  fonn  the  anterior  pier  of  the  zygomatic 
arch  and  the  lower  part  of  the  orbit.  The  maxillary  is  perfotated 
by  a  large  antorbital  foramen,  The  premaxillary,  figs.  152, 
295»  t>»  maanlj  consists  of  the  part  which  lodges  the  base  of  the 
great  tusk :  but  its  ascending  portion  reaches  the  frontal,  11,  and 
excludes,  as  in  Rodents,  the  maxillaiy  from  the  nasal :  tlie  alveolar 
part  is  g^rooTcd  mesially  by  the  long  incisive  canaL  Both  maxil« 
lary  and  premaxillary  are  pneumatic,  fig,  296.  The  nkandtble, 
fig.  295 »  t,  is  short,  the  ascending  being  as  extendye  as  the 
horiiontal  ramus,  and  being  also  excavi^  for  the  fonnatxTe 
alveidus  of  the  succeeding  molar.  Tbe  condyle  is  small,  conr^x* 
rising  above  the  coronoid  process,  which  is  low  and  projects 
obliquely  forward.  The  dental  canal  is  wide  in  reference  to  the 
unceasing  supply  of  material  for  the  growth  of  the  great  molars. 
The  symphysis  is  short,  small,  pointed:  in  some  extinct  Proboa- 
cidians  it  was  excavated  Ibr  the  alveoli  of  a  pair  of  tusks ;  and  in 
one  aberrant  form  {^Deimtiherium)  the  symphysial  tusk-bearing 
part  of  the  mandible  was  enlarged,  lengthened,  and  defiect«L 

The  bony  nostril,  formed  by  the  nasals  and  pgf»maxiliariai>  is 
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small,  transTerselj  8ub-bilobed,  and  elevated  in  position.  The 
rhinal  cavity  expands  as  it  extends  backward  to  be  divided  by 
the  vomerine  septum,  fig.  296,  is.  The  inferior  turbinals  are 
slijjfhtly-curved  laminsB,  one  on  each  side  the  lower  border  of  the 
*  lamina  perpcndicularis,*  where  is  the  aperture  admitting  air  to  the 
singularly  extensive  pneumatic  structure  of  the  skull.  The  lacry- 
mal  is  a  small  protuberant  imperforate  bone,  serving  chietiy  to 
give  attachment  to  the  tendon  of  the  *  orhicuhuis  palpebrarum.' 

From  the  middle  of  the  stylohyal  a  ."^lender  pointed  jirocess  is 
sent  otl  at  an  acute  an^lc.  There  is  no  ])nnv  ceratohyal.  The 
basiiiyal  is  trans\erscly  extcJiiled  ;  ami  ai  in  ulait  s  ut  each  end  to 
a  irristlv  eiiilival,  ami  a  loiiir  btniv  thviolival.  The  hase  of  the 
stapes  is  an  oval  convex  j>latc,  with  a  marginal  groove;  one  crus 
lA  tliiuuer  than  the  other,  and  it  is  very  slender. 


297 


Skeleton  of  the  MMtodun  (IfM.  g<flww). 


§  (  '.  Bones  of  the  Limbs. — The  scapula  of  tlie  elephant,  figs. 
I<i2,  2&7t  51,  if  Becond  only  to  that  of  the  Megatherioids,  fig. 
279,  51,  in  the  proportion  of  breadth  to  length  (dorso-humeral 
diameter) :  but  the  margin  answering  to  the  *  inferior  costa  *  of 
•nthropotomy,  instead  of  being  the  longest,  as  in  the  Megathere, 
is  the  shortest :  it  is  very  concave  :  the  *  base '  is  convex  or  bent 
at  almost  a  right  angle :  a  thick  epiphysis  is  attached  to  its 
border :  the  spine  extends  into  a  ehort  pointed  acromion^  and*  as 
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in  some  Rodents,  sends  down  a  process :  the  coracoid  is  a  mere 
tuberositT :  the  glenoid  ctmtj  is  shallow^  twice  as  long  aa  Inroad : 
it  looks  downward,  the  scapula  risbg  yerticalljr  above  the  lin- 
mems. 

The  kumerm*^  ib.  59,  has  the  great  tuberosity  extended  anterxv. 

posteriorly,  and  rising  above  the  sessile  hemispheric  head  of  the 
bone:  the  deltoid  ridge  descends  below  the  middle  of  the  l>i>ne  : 
the  occipital  groove  is  deep  :  the  ectocondylar  ridge  rises  straight 
for  oiii'-tliinl  the  lensfth  of  tlie  liiinierus,  and  forms  a  low  an«rle 
before  i-ubsidini:  upuu  the  shalt.  The  distal  articular  t^ni  lace 
a  simple  shallow  trochlea.  The  proximal  epiphysis  i»  in  two 
parts,  one  capjiiug  the  head,  the  other  the  great  tuberosity  :  the 
distal  e|>i|)hysis  is  ^illgle.  The  centre  of  the  shaft  is  alnoo^ 
whollv  (H-r upie<l  bv  a  delieate  caucello-reliculate  structure. 

Tlie  antil)raehial  bone»  are  distinct  and  cross  ol>li<jucly,  the  r<i- 
ffius  jia.-sing  in  l"n>nt  of  the  ulna  to  the  inner  hide  of  the  carpus, 
as  in  the  Megalliere:  but  the  prone  position  of  the  fore  foot 
eaunot  here  be  ehauL^ed  :  for  the  head  of  the  radius,  fig.  297. 
i>  weibj'^'l  l>etween  two  processes  of  the  uliui,  ib.  54,  and  tbo  ex- 
paudi  i  ili-tal  half  has  a  rough  liganientarv  union  with  that  bone. 
The  ]>ro,\iuial  artieulaiion  with  the  liuuierus  is  trans  vers  flv  idon- 
gate,  ]>artly  eonvex  and  jnirtiv  ronrave.     The  uinn  is  the  larger 
bone;  its  olecranon  is  thick  and  convex  :  the  pro\iin;d  epij»hv«k 
covers  only  this  process :  the  distal  one  forms  the  articulation 
for  both  radius  and  carpus.    This  segment  includes  a  small  sca- 
phoid, tig.  2y7,      a  larger  lunare,  /,  cnncifornie,  r,  and  pisifonne^ 
with  the  usual  four  hones  of  the  distal  row.    In  the  scaphoid, 
the  small  surface  for  the  radius  is  remote  from  that  which  join^ 
the  trapezium,  f,  and  trapezoides,  d.    The  single  surface  of  the 
pisifonue  has  two  facets,  the  smaller  of  which  joins  the  uloa. 
The  trai)ezium  extends  along  half  the  metacarpal  of  the  index. 
The  phalanges,  two  in  the  first  and  three  in  each  of  the  otlier 
four  digits,  arc  broad  and  short,  especially  the  last,  which  is 
finnly  encased  in  the  corresponding  division  of  the  hooil 

The  hind  limbs  and  pelvic  arch  present  opposite  pro|>ortions  to 
those  in  the  Megatherioids :  the  skeleton  of  the  extinct  Frohoa- 
cidian  leaf-eater,  fig.  297,  contrasts  singularly  in  this  res|)cct 
with  that  of  the  extinct  Megatherioid  one,  fig.  267.  To  both 
these  giants  among  land  quadrupeds  the  forests  of  the  priipeval 
world  aftbrded  sustenance;  but  their  ways  of  obtaining  it  were 
different,  and  called  for  preponderance  of  develoj^ement  in  the 
hind  part  of  the  skeleton  in  the  (me,  and  of  the  fore  part  in  the 
other.    The  pelvis  descends  vertically  at  almost  a  right  angle 
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PalTfs  of  the  Itaphut,  froM  rt»w. 


with  the  tnmk,  fig.  162,  6S,  the  ilia  forming  with  the  lumbar 
series  an  angle  of  120":  the  iflchium  and  pubis  are  short,  and 
form  a  STmphysis,  fig.  298,  the  axis  of  wl^ch  runs  at  an  angle 
of  100*  with  that  of  the  ifium.  This  bone  arches  out  from  its 
sacral  joint  almost  transversely,  the  thick  rough  crista  descending 
with  its  angle,  «,  produced  to  a  level  with  the  acetabulum  :  the 
anterior  or  abdominal  surface  is  concave.  The  ischium,  J\  has 
the  tuberosity,  <r,  directed 
dorsad :  the  pubis  shows 
a  pectineal  ridge,  h.  The 
sciatic  notches  arc  widely 
open  :  the  obturator  fora- 
mina are  smaller  than  tlie 
acituljula,  the  planes  of 
which  incline  from  the  per- 
pendicular about  70°,  —  a 
favourable  position  for  trans- 
mitting the  weight  upon 
the  heads  of  the  femora: 
these,  as  in  the  Mcgatliere, 
have  no  round  litrament,  and 
the  acetabulum  is  simplified 
accf»rdingly.  In  a  young  Kle])hant  I  have  observed  an  accessory 
pelvic  ossicle  wedged  between  the  ischium  aud  pubis  behind  the 
acetabulum. 

The  great  trochanter  does  not  rise  so  high  as  the  head  of  the 
feiunr  :  the  small  one  is  aluKJst  obs(»lete  :  the  post-trochanterian 
fossa  is  shallow:  the  shaft,  fiLT^-  Hi-<  297,  65,  is  straiirht,  simple, 
ami  compressed  from  l)cfore  backward.  The  rolular  tioclilca  is 
subsynunetrical,  occupying  one-third  of  the  breadth  of  the  distal 
end:  the  condyles  are  dividetl  by  a  deej)  popliteal  cavitv.  The 
proximal  epiphysis  c<  n-^ists  of  the  jiart  forming  the  articular  ball 
and  that  forming  the  trochanter.  The  medullary  artery  enters 
the  back  part  of  the  lower  third  of  the  shaft,  and  ascends  to  a 
vcrv  small  medullary  <  avitv. 

•  •  • 

The  two  proxiuial  articular  surfaces  of  the  tibioy  ib.  66,  are 
transversely  <»va],  separated  by  a  conical  prominence:  there  is  a 
large  rough  depression  in  front  of  the  head  of  the  bone:  the 
middle  of  the  shaft  is  triedral,  the  hinder  surface  is  very  concave 
superiorly.  The  distal  articular  surface  is  scmicircidar,  convex 
behind,  and  rising  externally  on  the  shaft  to  give  articulation  to 
the  fibula.  The  medullary  artery  passes  transversely  from  the 
back  of  the  shaft  forward  to  a  small  medullary  cavity.  The 
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-v-erTccr*  :.•  ihe  -rijcih.  where  it  f.»rm*  a  brcMui  hatchet- shaped  plate 
<t  K  ::e  •iir^-:ed  d  -winranl  and  a  little  outward.  In  the  seventh 
«rr:..-al  the  traii>ver?e  piwe<?  o»»nii>its  of  a  diapophysis  onlv,  and 
is  th^re:*  re  irr.;^^r:orate.  In  the  anterior  dorsal  vertebrae  the 
ba?e  ct  the  ceur:il  arvh  is  f^rtorated  on  each  side  by  the  spinal 
ti^^rre.  In  b«^:h  these  and  the  cervical  vertebrae  the  fore  part  of 
the  centrum     c»>nvex,  the  hind  part  concave. 

The  neural  spines  gain  rapidly  in  height  to  the  third  dorsal,  and 
C^ujilly  shorten  to  the  eleventh :  after  which,  they  incrcat^e  in 
:Vr«Hiixi-aft  extent,  and,  6rom  slightly  inclining  backward,  l>e- 
cvofcf  \erticaL    I:light  of  ribs  directly  join  the  btcmum, 

coBststs  cf  wren  bone^,  with  the  xiphoid  cartilage.  The 
>  of  the  last  two  lumbar  and  first  sacral  vertebnc 
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are  articulated  to  one  another.  Only  the  first  two  of  the  anchy- 
losed  sacrals  afford  artieiilar  surfaces  to  the  ilia.  Sometimes  a 
coalesced  caudal  adds  a  scMiith  vertebra  to  the  sacnuii.  The 
atlas  has  a  recurved  hyi>ap«>physis :  its  articular  rii[)s  arc  deep: 
the  baiic  of  the  transverse  process  is  twice  pcrforatcMl  hv  the 
vertebral  artery,  the  aniurior  hole  ojx'niiig  u|M;ii  liie  L^move 
which  leads  to  the  foramen  in  the  neural  arch  common  to  the 
vertebral  artery  and  the  fiist  spinal  nerve. 

In  the  Khinoceros,  ti<^.  1(5  ),  the  vertebral  formula  is — 7  cer- 
vical C,  19  dorsal  l>,  3  lumbar,  4  jsacral,  and  22  caudal.  In  the 
atlas,  the  hypajiophysis  developes  a  proce.-s  from  the  lower  part 
of  the  anterior  ??urf'ace.  The  neural  arch  is  perforated  trans- 
versely by  the  vertebral  artery.  In  the  axis  the  centrum  isupports 
a  simple  diapophysin,  inciinin'r  downward  and  backward.  The 
neural  spine  is  thick,  Jshort,  tnhomilated,  and  divided  by  a  deep 
and  broad  irroovo  into  two:  the  upper  part  of  the  spine  is  pro- 
longed oblujuely  upward,  pn^iniii;  the  whole  a  trifid  character. 
The  pleurapophyses,  from  the  fourth  to  the  sixth  eervical  ver- 
tebra' inchij^ive,  liave  the  form  of  broad  snbquadrate  plates:  in 
the  seventh  the  diajMijthysis  only  h  developed,  and  the  transvcrjse 
pn)ces.«  is  cons«'(]uently  imperforate.  The  sjiinc  of  this  vertelu'a 
suddenly  aecjuires  great  increase  of  leuirth,  whieh  continues  more 
gradually  to  the  second  and  third  dorsal*;,  l)cyond  Avhich  the 
spines  shorten,  but  gain  in  antent-posterior  extent  to  the  eleventh 
dorsal,  beyond  which  they  continue  of  the  same  size,  shape,  and 
inclination  to  the  lumbar  region.  A  metapophysis  rises  in  the 
fourth  dorsal  from  the  back  of  the  diapophysis,  from  which  it 
becomes  distinct  in  the  sixteenth  dorsal.  The  diapophysis,  which 
gradually  subsides  in  the  dorsal^  reappears  suddenly  in  the  first 
lumbar :  it  becomes  shorter  in  the  second ;  and  still  more  so  in 
the  third}  in  which  it  is  very  broud.  The  lower  edge  of  the  dia- 
pophysis of  the  second  lumbar  articulates  with  the  upper  edge  of 
the  (Apophysis  of  the  third,  and  the  tiiird  articulates  in  the  same 
manner  with  the  first  vertebra  of  the  sacrum.  The  metajiophyses 
are  distinct,  and  are  situated  on  the  anterior  zygapophyses  in  tlie 
first  two  lumbars  :  in  the  last  they  have  become  rudimental,  and 
almost  ol)solete.  The  centrum  is  strongly  convex  anteriorly,  and 
ooncave  beliind,  in  the  cervical  vertebrad;  the  dorsals  are  opis- 
thoeoeltan  in  a  less  degree. 

The  ril)8  arc  slender  in  proportion  to  their  length,  and  more 
curred  than  in  the  Klephant  In  the  first  rib  the  tubercle  is 
large,  with  a  corresponding  articular  surface :  both  this  and  the 
second  are  almost  straight,  become  expanded  distally ,  and  have  no 
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grooye  on  the  posterior  mftrgin.  The  twelfth  rib  is  the  longest, 
measuring  three  feet  In  the  nineteenth  rib  the  articuUir  surfmet^ 
of  the  head  and  tubercle  are  ahnost  confluent,  and  the  shaft  de-> 
creases  in  thickness  distallj :  its  length  is  one  foot  four  incheiw 

In  the  sacrum  the  articular  surface  for  the  ilium  ia  fomied  ht 
the  first  three  of  the  four  coalesced  vertebrae.  The  meta]x>j>hTse> 
are  distinct  in  the  first  two.  The  neural  spines  are  lon^,  stroii^, 
and  tubercular  at  the  end ;  the  last  curves  very  much  backward. 
The  three  interarticular  cartilages  between  these  four  Tertebre 
long  remain  unossified.  In  the  caudal  series  the  neural  oaaai 
does  not  extend  beyond  the  seventh  vertebra. 

The  little  Hyrax  has  not  fewer  than  twenty-nine,  or  even 
thirty,  dorso-lumbar  vertebm.   In  the  twenty-two  dorsal  ver* 
tebrsB  of  the  skeleton  of  IT.  eapenns,^  the  spines  incline  toward 
the  thirteenth,  which  is  vertical,  and  indicates  the  centre  of  motion 
of  that  part  of  the  trunk.    In  their  forms  and  ]>roj)urtioiu  they 
resemble  those  of  the  Rhinoceros.    Seven  or  eight  pairs  of  rihe^ 
directly  join  the  sternum,  which  consists  of  six  bones.  The  mora- 
pophysis  commences  on  the  third  dorsal,  and  attainB  the  out^icie  iif 
the  zygapopliysis  on  the  fifteenth :  it  exceeds  tlic  iliapf)ph\'ins  in 
length  in  all  the  posterior  dorsals.    In  the  eighth  lumbar  v<Ttc- 
bne  the  diapophyses  suddenly  acquire  jj;roat  breadth,  and  graduaJJv 
increase  in  length  to  the  last  lumbar:  the  metapojihyses  are  rtin» 
tinued  throughout  the  series.    No  aiiaj)ophyscj>  are  de\elope*L 

The  transverse  ])rocess  of  the  atlas  is  perfonited  Mirrically  at 
its  fore  part  by  the  vertebral  artery,  which  afterwards  p  rfm  ates* 
the  neural  arch.  The  hypaj><»|)hysis  developes  a  ^hort  |>nn  csi. 
The  simple  transverse  process  of  the  dentata  is  peHoratotl  at  its 
base  for  the  vertebral  artery,  and  the  neural  areh  is  peHoruted  on 
each  side  by  the  second  cervical  Tierve.  The  pleura jM  phyM^l 
part  of  the  transverse  jtrocess  is  much  expanded  in  the  thin!  to 
the  sixth  cervical  vertebra*  inclusive:  I  have  fmu  I  it  wantinsr  tin 
the  left  side  of  the  seventh  vertebnv.  but  prt  ><  in  as  a  Ui>tiDcl 
element,  or  rudin  i  tal  cervical  rib.  <>n  the  riirlit  sidi'.  wh^rp  \t 
completes  the  ioi  amen  for  the  vcrtebial  nrtery.  The  ^•icr.>-<  nmial 
ver(t:bra3  are  fourteen  in  nuniher,  of  which  the  first  thie*'  ann-olattf 
with  the  ilia,  and  the  tour  sncreedinir  have  tran.-^verse  proi-e^e^cj*. 

lu  an  extinct  S.  .Vmcrican  Perissoelact  vie  ( Macrffurhenia)} 
the  oerviral  vertebra'  arc  remarkable  for  tin  ir  lensTth,  the 
name  impru  -;  for  the  flattening  of  the  terminal  MfticuUr 

surfaces,  and  tlic  imperforate  character  of  the  transverse  prucetiaieg, 

»  XLiv,  jfc  584, 00.  3097.  •  jicT'.  p.  35,  pk.  ?,  vi  «L 
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the  Tertebnil  artery  entering  the  neural  canal  and  perforating 
the  neurapuphysid,  lengthwise*  The  transyerse  procesaes  of  the 
last  lumbar  present  each  a  concave  articular  surface  to  corre- 
sponding convexities  of  those  of  the  sacrum.* 

In  the  Horse,  fig.  300,  the  vertebral  formula  is — 7  cervical, 
19  dors;il  D,  5  lumbar,  «,  r,  <f,  5  sacral,/ — /,  and  17  caudal, 
p — r.  Eight  pairs  of  ri))s  directly  j<»iii  the  sternum,  which  con- 
sists of  seveu  bones  and  an  ensiluna  curtilage.    The  neural 


arches  of  the  last  five  cervical  vertebrae  expand  above  into  flat- 
tened, subquadrate,  lioriztjntal  plates  of  bone,  with  a  rough 
tubercle  in  place  of  a  spine:  the  zygapophyses  arc  unusually 
large.  The  perforated  transverse  process  sends  a  pieurapophvsis, 
Zf  downward  and  fonvard,  and  a  diapophjsis,  r,  backward  and 
outward,  in  the  third  to  the  sixth  cervicals  inclusive:  in  the 
seventh  the  diapophysial  part  alone  is  developed,  and  is  imper- 
forate. The  neural  spines  suddenly  and  considerably  increase  in 
length  in  the  first  three  dorsals,  and  attain  their  greatest  length 

*  xov.  pi.  vKi.  fig.  1 ,  6. 
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in  the  fifth  and  sixth,  after  which  they  grnidiially  shorten  t*»  \h* 
thirteenth,  and  continue  of  the  same  length  to  the  last  lumlnr. 
The  mctajx^physis,  commencinij  as  a  tuberosity  above  the  d:aj«- 
]>hy?i>.  |>asse?>  g:nidLiiilly  lr<»in  that  part  to  the  outer  si<le  of  tht 
|irozv£rap»physis, which  it  lioally  attain^  in  the  i?evt'nteerith  df»r>al 
^  erti  Lra.  xiud  continues  in  the  same  ]>la('e  throucfhoiit  tlie  lumi  jj 
iSeries.  There  are  no  ana|>ophy>ej^.  The  hiinVuir  diajKjphyses  arr 
long,  broad.  :  1  in  close  juxtaposition;  the  last  presents  an  arti- 
cular concawis  ad:ipted  to  a  corresjiMmding  convexity  on  the  fuJX' 
jiart  of  the  diapophy-is  of  thv  fir-«t  ^^acral. 

The  eer\  ical  vertc1>r;v,  though  shorter  than  in  Mfn  rnnrhrnit:, 
are  lonirer  than  in  ether  Perissodactvles,  and  rise  with  an  areli  t'l 
>u[']»ftrl  the  liead  :  the  joint*  of  the  eentrnnis  are  uj dst h«>r<T^lia.a 
lu  the  third  ecrvi<%il  the  j'leuraj»<)|iliy-i>  is  devel<»|K'«l  h«  I..\r  the 
arterial  canal,  and   extends   forwanl,  outward,  aud  tl.twuwanl. 
The  neural  >i>ine.  a,  lia>  -ub-ided  to  a  low  rough  ritiire.  The 
hypap>physial  ri'lu'<^'  :uid  tulu  rele,  o,  are  well  markcnl.  a,-*  nro  al>»> 
the  anterior  eon vexlty  aud  poj-torinr  eoncaxnty  of  tin-  rt^-nrrum. 
Tlie  inner  >ud'aee  t»r  each  nenra]M)j>liy>i<  is  j»ierced  l>v  a  small 
canal  in  the  same  plaee  and  direction  as  that  which  transmit.-*  tlu- 
vertehral  artery  in  Macro uc/wn iff :  hnt  tlie  artery  traverses  thf 
lia<e  "f  the  tran>ver>p  process  in  the  lIor>e,  as  in  most  othi-r 
mauimuls.    In  the  axis  the  neural  spine,  A,  is  a  strong  but  low 
rugged  ridge,  which  bifurcates  |>osteriorly,  and  siiKsides  uj>f>rt  rhf 
zygajxiphyses.    The  diapophyses  are  short  and  triangular,  wuh 
their  bases  perforated  by  the  vertel^ral  artery.    A  strritig  ritlge 
on  tlie  under  part  of  the  centrum  leads  to  the  hy|vapophysi»,  L 
The  [Histeriiir  articular  surface  of  the  centrum  is  deeply  exca- 
vated.   In  the  atlas,  c,  the  anterior  articular  cavities  do  not  meet 
beh)w  :  the  dia|x^physial  ridges,  a,  bend  down,  forming  large  «»• 
cavities:  the  vertebral  artery  twice  pierces  their  ba-e,  which  i* 
also  traversed  by  a  canal  leading  to  the  neural  canal,  anterior  to 
which  the  neural  arch  is  perforated  on  each  side.    The  bjrpapc^ 
physis  developes  a  strong  tubercle. 

In  the  skeleton  of  a  Quagga  (Equus  Quagga)  I  have  abserred 
19  dorsal,  6  lumbar,  5  sacral,  and  18  caudal  vertebras;  in  that  ^ 
a  Zebra  {Equus  Zehm)^  18  dorsal,  6  lumbar,  5  sacral,  and  17 
caudals;  whilst  in  the  -keleton  of  an  Ass  {Equus  Asinti}t\  there 
were  18  dorsal,  5  lumhar,  5  aacral,  and  17  caudal  vertebne,  Tht 
sixth  lumbar,  fig.  29d>/y  becomes  the  first  sacral  by  coalcsficeneeu 

R.  .S'A ////.— Some  common  characters  of  this  part  of  the  skeleton 
in  Perissodaetyles  are  given  at  pp.  283,  284,  In  the  3Ialayati 
Tapir  {^TapiruM  indicu*),  the  paroccipitais  are  compressed  and 
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slightly  inourvecl:  they  are  strengthened  by  a  long  post-tympanic 
process,  developed  from  the  squamosal  and  articulated  to  the  fore 
part  of  the  base  of  the  paroccipital,  so  as  to  circumscribe  a  s])a('0 
occupied  by  the  true  mastoid  which  is  confluent  with  the  petrosal. 
One  or  two  vacuities  are  left  in  this  space  for  the  exit  of  veins. 
The  post-glenoid  process  is  much  developed.  The  base  of  the 
pterygoid  process  is  perforated  len<xtliwise  l)y  tiie  ectocarotid  ;  the 
apex  is  slightly  recurved,  and  uuites  with  the  palatine  by  a 
squamous  suture.  The  en- 
toj)terygoids  are  thin,  small, 
curved  lamellno  apphed  to 
I  he  inner  side  of  tlie  base 
of  the  pterygoid  processes, 
and  uniting  with  each  other 
below,  and  clear  of,  the  pre- 
sphenoid.  The  major  part 
of  the  palatine  enters  into 
the  formation  of  the  laige 
t»l)liquc  hinder  aperture  of 
the  nasal  passages :  the  smaller  anterior  division  completes  tlie  bony 
palate  which  terminates  behind  between  the  first  and  second  true 
molar.  The  lacrymal  canal  oommences  bj  two  distinct  orifices, 
i'he  bases  of  the  nasal  bones  are  deeply  grooved,  and  articulate  with 
the  £rontals  parallel  with  the  back  part  of  the  orbit.  There  is  no 
iuperorbital  foramen  or  canaL  The  premaxillaries  terminate 
behind  at  a  considerable  distance  from  the  elevated  nasals.  In 
the  American  Tapir  (Taptmt  Americanui),  fig.  301^  Ihe  snper- 
3ccipital  is  narrower  and  more  deeply  excavated  than  in  the 
Malayan  Tapir :  a.  smaller  proportion  of  the  petromastoid  is 
irisible  between  tiie  ezocdpital  and  squamosal,  g :  the  frontab>  ii, 
ire  less  expanded  and  less  elevated  above  the  nasals,  is.  The 
>etroma8toids  fit,  but  not  closely,  the  vacuities  on  each  side  the 
MsbccipitaL  In  the  cranial  cavity  the  rhinencephalio  fossa  is 
veil  defined. 

In  the  (Sumatran)  lUunooeros,  a  smaller  proportion  of  the 
Milatine  bones  enters  into  the  formation  of  the  bony  palate  than 
n  the  Tapir;  they  chiefly  form  the  sides  of  the  hinder  nasal 

.]K  rture,  the  anterior  boundary  of  which  is  opposite  the  first  true 
nolars.  The  pterygoid  processes  are  perforated  at  their  base, 
euuthwise,  by  the  ectocarotid  arteries.  The  nasofrontal  suture 
s  in  advance  of  the  orbits.  The  postglenoid  j)rocc8S  is  long, 
ubtriliedal,  and  obtuse :  the  post-tympanic  process  takes  the 
jlace  of  the  mastoid  and  is  here  a  strong  quadrate  process 
VOL.  II.  G  O 
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applied  to  the  base  of  the  paroccipitaL  The  nrbit^  are  very 
obscurely  marked  off  from  the  temporal  fossa* :  there  is  n*) 
pr>storbital  pnx'e^is.  The  lacrymal  canal  commencejs  bj  t^o 
apertures  deiendeti  by  a  rough  protuberance  of  the  lacnrmal 
bone.  There  h  a  well-developed  pit  for  the  ori;_nn  of  the  in- 
ferior o)>li<jue.  The  premaxillaries  are  small  and  do  nut  join 
tlie  na^al^.     The  air-fiinufles  extend  the  firamtaU  to  tlw 

gupenx^cipital  ridge. 

In  the  Indian  Rhinoceros  (Rhinoceros  Indfcus,  ^g.  302),  the 
bonesy      7,  ii,  U,  fonning  the  expanded  neural  opines  of  the 

cranial  vertebrae,    are  so 
"  curved,  that  the  summit  of 

the  mperoccipital,  9,  and 
the  centre  of  the  nasals,  is, 
form  the  two  piUars  from 
which  are  suspended  the 
parietaUy  7,  and  frontal^,  ii. 
forming  an  inTerted  arrh. 
The  highest  part  of  tb« 
nasals  shows  the  raii|{l&  flat* 
tened  surffu^e  for  the  attach> 
ment  of  the  horn:  froai 
which  part  they  cnrrc 
downward,  endh^  pointedlj.  The  premaxillaries,  are  sraall. 
ropporl  a  pair  of  mcisorBy  arttcuhite  with  each  other  and  the 
manllariesy  and  terminate  remotely  firam  the  nasab.  In  the 
African  two-horned  BhinooeroeeB,  the  premaxilkriet  are  almoil 
obflolete,  and  usoally  edentutons  in  the  adnlt. 

In  certain  extinct  Bhinoceroaes  the  septom  narium  was  partkDj 
(Rk.  leptorhinus)  ■  or  wholly  (Bh.  tiehorrhmms)  oaaAed.  The  ard- 
cnlation  between  the  haai-  and  pre-ephenoida  long  remaina.  There 
is  no  interparietaL  The  entopterygoid  awells  into  a  taberaBty, 
and  OTcrlapa  the  palato-pterygoid  suture. 

In  the  Hyrax  the  elements  of  the  occipital  bone  are  late  in 
coalescing.  I  have  seen  an  interparietal  wedged  into  the  back 
part  of  £e  sagittal  suture,  and  also  the  iqipcr  half  of  the  sopa«> 
ocdpital  detached  from  the  rest.  The  ascending  procesa  of 
the  malar  articulates  with  the  postorbital  process  which  is 
formed  by  both  the  parietal  and  ilrontal  bones.  The  i  mo  panic* 
which  forms  the  bulla  ossea  at  the  basis  cranii,  has  not  coaleaeed 
with  the  petrosaL   The  hinder  halyes  <^  the  palatines  eater  iafta 
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the  formation  of  the  j)alato-iiares.  The  lacrymal  canal  commences 
by  one  or  two  foramina,  defended  by  a  process.  The  maxillary 
forms  the  floor  of  the  orbit,  as  in  the  Rhinoceros  and  Tapir ;  but 
the  prcmaxillaries  join  the  nasals.  The  lower  jaw,  7,  is  remark- 
able for  the  backward  expanse  of  the  ascending  ramus.  The 
coronoid  process  is  perforated  lengthwise  at  its  base. 

If  the  equine  skull,  fig.  303,  be  compared  with  that  of  the 
Khinoceros,  the  basioccipital  will  be  seen  to  be  narrower  and 
more  convex.  The  mastoid,  8,  intervenes,  as  a  tuberous  process, 
between  the  post-tympanic  and  paroccipital  processes,  clearly 
indicating  the  true  nature  of  the  post-tympanic  in  the  Rhino- 
ceros ;  the  Tapir  shows  an  intermediate  condition  of  the  mastoid 


303 


Skall  of  HorK.  Squiu  CabaUtu. 

between  the  Rhinoceros  and  Horse.  The  latter  differs  from  both 
the  Tapir  and  Rhinoceros  in  the  outward  j)roduction  of  the  roof 
of  the  orbit  and  the  completion  of  the  bony  frame  of  that  cavity 
behind  by  the  junction  of  the  i)08torbital  process,  i,  2,  c,  with  the 
zygoma,  r:  E(juus  resembles  Macrauchenia  in  this  particular. 
The  temporal  fossa,  7,  is  small  in  proportion  to  the  length  of  the 
skull  :  the  bjwe  of  the  postorbital  process  is  perforated  by  a 
supcrorbital  foramen,  h :  the  lacrymal  canal  begins  by  a  single 
foramen.  The  prcmaxillaries,  22,  extend  to  the  nasals,  15,  and  shut 
cmt  the  maxillaries,  21,  from  the  anterior  aperture  of  the  nostrils. 
The  chief  marks  of  affinity  to  other  Perissodactyles  are  seen  in 
the  shape,  size,  and  fonnation  of  the  posterior  aperture  of  the 
nostrils,  the  major  part  of  which  Ls  ]>ounded  by  the  palatine  bones, 
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of  which  only  a  small  portion  enters  into  the  formation  of  the 
bony  palate,  which  terminates  behind  opjwsite  the  intcnijace 
between  the  penultimate  and  last  molars.  A  narrow  gnwvc 
divides  the  palato-pterygoid  process  from  the  socket  of  the  la^t 
molar,  as  in  the  Tapir  and  Rhinoceros.  The  pterygoid  ])roce8* 
has  but  little  antcro-posterior  extent:   its  base  is  perforated 

by  the  ectocarotid.  The  en- 
topterygoids  are  thin  plates 
applied  like  splints  over  the  in- 
ner side  of  the  squamous  suture 
between  the  pterygoid  processes 
of  the  palatines  and  alisphenoid^w 
The  i)ostglenoid  process  is  less 
developed  than  in  the  Tapir. 
The  Eustachian  process  of  the 
petro-tympanic  is  long  and 
stylifonn.  There  is  an  ante- 
rior condyloid  foramen,  and  a 
wide  *  fissura  lacera.*  The  hrnaJ 
and  convex  bases  of  the  nasals 
fig.  304,  8,  8,  articulate  with  the 
frontals,  /,  a  little  behind  the 
anterior  boundary  of  the  orbit*. 
The  space  between  the  incLsi)^' 
and  molars  is  of  greater  extent 
than  in  the  Tapir,  fig.  301 :  » 
long  diastema  is  not,  however, 
peculiar  to  the  Horse,  and. 
although  it  allows  the  applica- 
tion of  the  bit,  that  a|)plication 
depends  rather  upon  the  general 
nature  of  the  Horse,  and  iii 
consequent  susceptibility  to  he 
broken  in,  than  u\K)n  a  particu- 
lar structure  which  it  posse8«« 
in  common  with  many  other 
llcrbivora.  The  air-cells  do  not  extend  farther  back  than  the 
fore  part  of  the  frontals  above  the  cranial  ca\nty,  and  of  the 
bai<isphenoid  beneath.  Ossification  extends  into  the  base  of  the 
tentorium  and  its  continuation  into  the  falx.  The  upper  boundar)* 
of  the  rhinencephalic  fossa  is  much  developed. 

There  is  a  foramen,  fig.  303,  9,  in  the  premaxillary  suture. 
The  zygoma,  fig.  303,  r,  is  chiefly  formed  by  the  squamossal,  t. 
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The  malar  extends  upon  the  face,  beneatli  the  lacrymal,  in 
advance  of  tlie  orbit.  The  ascendinfj  ramus  of  the  mandible  has 
a  convex  hind  border  curvinrr  from  the  condyle,  20,  to  beneath 
the  last  alveolus,  where  it  ends  by  a  slight  projection  below^^the 
inferior  border  of  the  horizontal  ramuB*  The  coronoid  process* 
19>  is  loDg^  narrow^  and  recurved. 


no5 


The  stylohyals,  fio;.  30.5,  sf.  lonfij  and  rib-liko,  articulate  by  a 
rounded  *  head  '  to  tlie  petromastoid  ;  ex|tan(linnr  beyond  this, 
to  fonn  a  sort  of  '  tubercle,'  and  continued,  sliichtly  contractini,',  to 
the  short  epihyal,  p,  h;  by  means  of  Avhicli  they  articulate 
with  the  ceratohyals,  c,  h ;  which  unite  with  the  basihyal,  b,  h, 
where  this  is  joined  to  the  thyrohyals,  h,  b.  The  basihyal 
supports  a  glossohyal,  ^,  h.  The  homology  of  the  thyrohyals 
with  the  cenUobranchials  in  Fishes  and  Batrachia  is  illustrated 
by  the  figures     h  b,  introduced  (reversed)  in  the  same  cut 
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C.  Boms  of  the  Limb; — These  are  chiefly  modified  in  their 
proportions  with  reference  to  degree  of  swiftDeas  of  oourBe  in  the 
different  species :  which  have  diverged,  in  this  respect^  firom  the 
old  tertiary  type  as  exemplified  by  the  Palaeothere,  in  two  di- 
rectionsj  the  extremes  of  which  are  now  shown  in  the  RhinoceroSs 
fig.  165»  and  the  Horse,  fig.  300.  The  s^ments  farthest  from 
the  trunk  are  the  seats  of  chief  variety,  and  here  the  eloxigation 
and  attenuation  of  the  bone  is  attended  with  suppression  of  certain 
of  the  digits. 

The  scapuLi  is  long  in  proportion  to  its  breadth,  and  most  00  in 
the  Horse,  fig.  300,  51 :  the  anterior  angle  is  largdy  rounded  o1£ i 
the  spine  developes  no  acromion*  but  gradually  subsides  as  it  ap- 
proaches the  neck  of  the  scapula :  it  is  situated  nearer  the  hind 

border  in  the  Tapir  (fig.  299,  si),  nearer  the  front  border  in  the 
Horse,  with  concomitant  differences  in  the  areas  of  the  supra-  and 
inlVa-s])inal  fos&aj :  in  tlie  Khirioceros  it  equally  biscct^s  the  blade- 
hone,  and  is  most  ])roniinent  at  its  upper  third.  The  coracoid  is 
a  mere  tuberosity  in  all.  The  front  border  or  *  costa,'  in  the 
Tapir,  has  a  wide  and  deep  notch.  Macrauchenia  differs  mo?t 
from  other  Perissodactyles  in  the  continuation  of  the  f^pine,  wiih- 
ont  loss  of  height,  to  the  neck  of  the  scapula,  above  which  it  forms 
a  slightly  jiroduced  angle  aiid  I-  porf  1  n-atcd. 

In  the  Tlhlnoceros,  fig.  16J,  the  humerus  i.s  remarkable  for  the 
strengtli  of  the  tuberosities  and  deltoid  ridge,  and  for  the  smooth 
basal  surfaces  betAvecn  the  tuberosities  and  on  the  outride  of  the 
external  one.  The  medullary  artery  enters  the  back  part  of  the 
bone,  and  proceeds  obliquely  forward  and  downward.  In  the 
radius,  the  surface  for  the  ulna  extends  along  the  back  part  of 
the  ridge  bounding  that  for  the  humerus.  The  two  antibraehial 
bones  interlock  at  their  distal  ends  by  reciprocally  adapted  cavi- 
ties and  tuberosities.  The  usual  eight  bones  are  present  in  the 
carpus :  but  the  trapezium  does  not  support  a  digits  and  the  unci- 
forme  is  small  and  has  only  the  digit  answering  to  the  fourth : 
this,  with  the  medius  and  indez»  being  alone  developed  in  the 
Rhinoceros.  The  ilia  are  massive^  shorty  and  less  expanded  than 
in  the  Elephsnt^  subvertieal  in  position^  concave  anteriorly,  and 
also  behind  in  the  transverse  Erection*  The  terminal  angle  of 
the  rough  thick  crest  is  bifurcate.  The  ischia  are  relatively 
longer  than  in  the  Elephant,  -with  thick  outwardly-bent  tuberosi- 
ties. The  ischio-pubic  symphysis  is  prominent  The  lumbo- 
iliac  angle  is  125*. 

The  head  of  the  femur  is  impressed  by  a  deep  semicircular  pit 
at  its  margin.    The  third  trochanter,  fig.  165^  65,  is  a  remarkable 
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feature,  liom  its  great  size  and  forward  curvature.  Osmfication 
somctiiaeii  extends  from  the  great  trochanter  to  the  third  tro- 
clmnter.  The  rotular  surface  is  distinct  from  those  on  the  con- 
dyles. The  inner  wall  of  the  trochlear  surface  for  the  patella  is 
thicker,  more  prominent,  and  is  prolonged  farther  up  the  sluift  of 
the  femur  than  the  otiter  wnW  is  ;  the  condyles  are  nearly  of  the 
same  ]en;.'th.  The  medullary  canal  commences  at  the  hack  part 
in  the  iipj»or  lialf  of  the  shaft,  and  inclines  forward  and  down- 
ward. The  U>iiCb  ot  the  hiud-fout  are  explained  at  p.  309, 
fig.  193. 

In  the  riijiir,  the  intercondyloid  part  of  the  humerus,  lig-.  29!), 
53,  is  j)eriorated,  as  it  i*  likewise  iu  tlie  liyrax.  1  have  {uuad 
till'  radius,  54,  and  ulna,  65,  partially  anchylosed  at  their  distal 
enda  in  the  Malayan  Tapir,  and  have  observed  their  distal 
epiphyses  to  coal«*€e  with  each  ofhf  i  before  unitiii«4  with  tlu'ir 
resjjeetive  shafts.  The  carpus  rcscmljics  that  in  Hhifnurros  \  hut 
the  uneiforine  is  rather  larcj^cr,  and  sup]>orts  the  nu'taearj>al  of  a 
fifth,  as  well  as  of  a  fourth  dii^dt.  The  tirst  or  traj>ezial  digit  is 
absent,  au'l  the  one  articulated  to  the  mngnunij  aii^werin^  to  the 
third,  is  ti»e  lar<i;est  and  of  symmetrical  shape,  the  wliole  fore-foot 
jdainlv  phowinjj;  the  perissodactyle  type,  though  with  four  toes. 
The  little  //yrc/.r  and  an  extinct  hornless  Rhinoceros  (Arrro^ 
therium)  have  a  similar  unsvnunetrii-all v  tetradac^tyle  fore-foot. 
That  of  the  Macrauchenin  was  tridactyle.  The  expande<l  part 
of  the  ilium  of  the  Tapir,  ih.  62,  is  an  oblong  quadrate  plate  w  ith 
the  upper  and  hinder  angle  articulating  with  the  sacrimi.  The 
canal  for  the  medullary  artery  of  the  femur,  which  begins  near 
the  small  trochanter,  extends  downward  to  a  small  medullary 
cavity  at  the  middle  of  the  shaft,  65 ;  which  is  longer  than  that  of 
the  tibia,  M.  The  bones  of  the  hind-foot  closely  resemble  those 
of  the  Rhinoceros,  forming  the  same  number  of  toes :  the  heel- 
bone,     is  more  prominent. 

In  fig.  190,  *  bones  of  the  fore-limb  of  the  TTorse,'  the  supra- 
scapular cartilage  is  ossified  and  conHuent  with  the  base  of  the 
scapula,  ^ :  »  is  the  infraspinal  fossa,  p  the  supraspinal  fossa,  t  the 
pnmiinent  and  thickened  part  of  the  spine,  h  the  neck,  m  the  an- 
terior border  or  '  costa,*  /  the  ^terior  *  costa;'  the  line  from  »  to 
7i  marks  the  base  of  the  scapula  supporting  tlie  siuprascapula ;  A  is 
the  ooracoid  protuberance.  In  the  humerus,  a  is  the  shaft  of  the 
bone,  b  the  lower  part  of  the  deltoid  ridge  where  the  '  teres 
major '  is  insert c<l,  e  is  the  great  tuberosity  which  is  grooved  by 
tlie  tendon  of  the  bice|KS,  /"is  the  '  neck.'  The  proximal  epiphysis 
of  the  jroung  bone  forms  both  the  head  and  the  tuberosity.  At 
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the  cUstal  end,  k  marks  the  trochlear  surfaoe  for  the  radios,  the 
fore  jmrt  of  wliich  bone,  o,  parses  into  the  depression  /,  whoi 
fully  flexed :  A  is  the  inner  condyle,  i  the  outer  condyle  ;  Hi  the 
posterior  fossa  for  the  olecranon,  when  the  antibrachium  is  ex- 
t€ Tided.  The  ulna,  represented  by  its  olecranon,  ami  uj>i»er 
part  of  the  shaft,  ?/,  coalesces  by  the  latter,  in  aged  Horses,  with 
the  radius:  it  j)reseiit3  a  small  articular  siirt'aec, /,  tor  tlic  hu- 
merus. The  radius  and  ulna  coalesce  in  Macrauchenia.  1l\u' 
equine  carpus  includes,  in  the  proximal  row,  the  scaphoid  ir, 
hi  11  an  r,  cuneifomie  and  pisiformo  z,  Avhich  latter  is  larfife  and 
pmiuiuent.  The  OS  magnuui,  2,  in  the  second  series  of  carpal  !>ones 
is  rcmarkal)le  for  its  ^reat  breadth,  corrosp<»iit!in<:^  to  the  enor- 
mous devclopenient  of  the  metacarpal  bone  of  tiie  middle  toe,  4,  ^, 
which  forms  the  chief  ])art  of  the  foot.  S|jliiit-shape<l  rutliinontij 
of  the  metacarpals,  answering  to  the  second  anti  {mirtli,  r.,  <»f  tiic 
pentadactyle  foot,  are  articulated  respectively  to  the  trapoz»»i  1^- 
and  the  reduced  homuluuue  of  the  unciiornie,  3.  Tlio  tn  *K  cne 
Illpparion  retained  stunted  hoofs  supported  ])y  the  see»nid  aii'f 
fourth  dijj!:itf«  of  the  tore-foot,  as  in  the  hind-toot,  194  :  hut  all 
modern  and  existing  representatives  of  the  genus  Kqmu  have  the 
digital  developement  concentrated  on  the  medius :  <'f  whi«^h.  ro 
fig.  lUO,  12-13  shows  the  proximal  |»lialanx,  called  in  HmiJ^'^- 
U\my  the  '  great  ]>a9tem';  14-15,  the  middle  phalanx.  c:d!' d  rlie 
*  small  pnstern ' ;  I6,  the  ungual  ]»hfilanx,  called  liie  *  ^l.ffit^- 
bone u  aud  17  are  *  sesamoid;^^'  the  latter  being  called  the  *  uut- 
bonc.' 

The  ilium  of  the  Horse,  fig.  3U0,  G2,  is  longer  and  lesj*  ex- 
pandc<i  superiorly  than  in  the  Tayn'r  ;  hut  it  articulates  hy  the 
cx)rresponding  part  to  the  sacrum,  which  reuders  it  hammer- 
shaped.  The  femur  is  rli  iracterized  by  the  partial  division  of  tJic 
great  trochanter,  and,  as  in  other  Penssodactyles,  has  tlie  third 
trochanter.  The  medullary  artery  enters  the  middle  of  the  »haft 
at  its  postero-internal  side,  and  inclines  slightly  upward.  In  fig. 
195,  a  is  the  shaft,  b  the  *  neck,'  c  the  head ;  d  d,  the  great  tro- 
chanter, of  which  the  upper  division  is  called  *  the  spoke Uk 
^  third  trochanter/  marks  the  place  of  a  deep  fossa  giving  on<^ 
to  the  gastrocnemius  estemus,  h  is  the  out«r  condyle.  In  the  tibw* 
is  the  protul>eranee  and  ridge  for  the  rotular  ligament,  v  the 
articular  head  of  the  bone,  n  the  outer  concavity.  The  distal  end 
is  excavated  by  a  deep  oblique  double  trochlear  cavity  for  tlie 
astragalus,  S.  The  fibula  is  represented  by  ita  head,  1,  and  a 
slender  styllform  portion  of  the  shaft,  ending  in  a  point,  at  2. 
There  is  no  representative  of  the  distal  end^  as  in  Macrauekmim 
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•  "and  the  BmnmantB.  The  bones  of  the  foot  are  described  at 
pw  308,  fig.  193  (HorBe> 

The  astragalus  shows  the  extreme  perissodactyle  modification 
by  the  depdk  and  obliquity  of  the  superior  trochlea,  and  by  the 
extensive  and  nndiyided  anterior  surface,  which  is  almost  entirely 
appropriated  by  the  navicnlare :  the  ectocuneiforme,  which  is  the 
homotype  of  the  magnum  in  the  carpus,  is  equally  remarkable  for 
its  laige  size,  rince  it  supports  that  metatarsal,  answering  to  the 
middle  one  in  pentadactyle  quadrupeds,  which  constitutes  the 
chief  part  of  the  hind-foot  in  the  Horse. 

{  188.  SkeleUm  of  ArHodaetyla, — Some  of  the  common  osteo- 
logical  characters  of  this  order,  with  the  genera  representing  it, 
are  given  at  pp.  285,  286. 

A.  VerUhral  Column,  —  In  the  Hippopotamus,  fig.  306,  the 


806 


▼ertebral  formula  is : — 7  cervical,  15  dorsal,  4  lumbar,  6  sacral, 
16  caudal.  The  pleurapophjsial  parts  of  the  transverse  processes 
of  the  third  to  the  siz^  cervical  inclusive  develope  hatchet- 
shaped  plates,  progressively  increasing  in  use,  which  overlap  each 
other.  The  second  and  third  cervicals  have  bituberculate  hjpa- 
pophyses.  The  transverse  processes  of  all  the  cervicals  are  per- 
forated by  the  vertebral  arteries.  The  neural  spines  elongate 
from  the  third  to  the  seventh  cervical,  a  Six  pairs  of  ribs 
directly  jmn  the  sternum,  which  consists  of  five  bones  and  a 
broad  enriform  cartilage.  A  metapophysial  ridge  is  developed 
above  the  diapophyses  of  the  Mghth  dorsal,  changes  its  position 
and  shape  with  increase  of  sise  in  the  two  succeeding  vertebras, 
in  the  eleventh  projects  forward  from  above  the  prozygaj[)ophysi8. 


Digitized  by  Google 


F 


.<»..       jis}:'  J.  ::r.r"ifc*.*-  s  "ZBe  i«iiETa»  ait  £f:&»  flml  Tcrr  re* 

-  * .  ^     IT    i^-T-i  ^ .   •  -ir'a  'idnbzuQfr  aS^'re  m  a  Inpf 
u-         .    »  is      •  ^  r-;**       ^srz'ktaL  aifun.:.  Tcvnl  walls. 
*  '  •        -^'-ra*  <'        a  Tic  -L-a  &  iiiin^  is  dereliiped. 

-  ■  -  tr»  ■*       •  -  ^^.r-yawft-  jm,  ^iRr^  9md  inrtmri  fir- 

•  :i  *i: *     -  z.a        ltos*.    Tbe  aecnl  cpmc» << 

»  ir»  "trTMl*  iz»i  at  Ic'n^  m- 

^    4^  ''^^  n  .i::ur3-  u^i  r*<:l3e  baekwazd  t 

i,-s  -*    .      »  .  mil  ^-in^-aL  Tsic  »rts>  i^J9«»  b^^li 

<    >t     •  i»       -u.r'i.  i»  rsiL  4a»I  screw  a  Icngrtk  to 

V.  ,'-1*  .       sitt  ^  rsh.  Tsrsicc*  »e  iitetiT  perf^iratri: 

^    a  TIM  T  :rr:  vr  .c  ^3  T-d  -  -  r-  'e  licT^K^peil  in  iht* 
u.v,>   :  'ir^»»rs.     Z'z-;  z    i  j^*  >:\vr  v^rr:?:*!  renebrju  are  r«»- 
-irj.'S.^ 5  r         C"*. -i-  c  '-  ■:  .xrutl  -:*>rni.  overl»p|«u;. 

1  -    .    » ^  i,--  V  j         T^rrs    :*  th-e  :rmii>ver>i^  processes, 

i    :         <       "1  yjr.iL  :  -  :>    a  -  r^e  o»  :^^  j  lcsj.ru  jjophrsi^ 
•  '  -  <  :  ■  v, "      ---  ^-^      t!^:  ^   ,::h       tl  c  ru;;nil  spine,  Thi* 
is  rajT  "^  v  the  !*  the  auatL  r!  r  dorsad  vertcbnr: 

3. \  r  >»  V  t'  r-  <  rf>s  ?>  I  r^^rTv^^ivc-ij*  JtxTea#e  in  bcijrht  t« 
V  .   i>r  t^'v^  c  rsLi.-,  w^hcrt  thev  -ziiin  m  antero-pfwtprior  extent: 


Digitized  by  Google 


SKELETON  OF  ABTIODAOTYLA.  439 

centre  of  motion  of  the  trunk.  Tlie  dorsal  neurapophysosi  aro 
directly  perforated  by  tlie  s|»inal  nerves,  and  a  bar  of  bune  con- 
nects the  end  of  the  diajMiphysis  witli  the  hind  part  of  the  cen- 
trum, circumscribinji;  a  vertical  ]>eriorat i* >ii  on  each  side.  The 
metapophysis  connnences  as  a  tul^erosity  u])o!)  the  diapophysis  of 
the  middle  dorsal  vertebra\  |)rojects  forward  inKhvay  between  the 
di-  and  prozvj^-apophyses  in  the  tenth,  pa.sscs  upon  the  ])rozyg- 
apophyscs  of  the  eleventh  dorsal,  and  is  continued  in  that  pOBition 
throughout  the  lumbar  series.    There  are  no  anapophyses. 

307 


In  the  Dromedary,  fig.  307,  and  Camel  {Cameius  baetrianu»\ 
the  vertebral  formula  is : — 7  cervical,  12  dorsal,  7  lumbar,  4  sacral, 
and  18  caudal.  Seven  pairs  of  ribs  articulate  directly  with  the 
sternum,  which  consists  of  az  bones,  the  last  being  greatly  ex- 
panded and  protuberant  below,  where  it  suj^xirts  the  pectoral 
callosity  in  the  living  animal.  The  cervical  region  is  remarkable 
for  its  length  and  flczuositj;  the  vertebrss  are  opisthoocclian, 
but  resemble  those  of  Macrauehenia  in  the  absence  of  the  perfo- 
ration for  the  vertebral  arterj  in  the  transverse  process,  with  the 
exception  of  the  atlas ;  that  artery,  in  the  succeeding  cervicals, 
enters  the  back  part  of  the  neural  canal,  and  perforates  obliquely 
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the  fore  part  of  the  base  of  the  neurapophysis,  as  shown  in  ih§^ 
longitudinal  section,  fig.  308.'    The  costal  part  of  the  transverse! 
process  ia  large  and  lamellifonn  in  the  fourth  to  the  sixth  oerricalj 
yertebne  inolusiTe:  in  the  seventh  it  is  a  short  protaberanoe :  ii 
^  this  eervieal  the  neural  spine  be- 

comes  conspicuous.  The  metapiK 
physial  tubercle  is  developed  fina 
the  diapophysia  in  the  eleven  ante- 
rior doraal  vertebrae,  and  passes  npos 
the  zygapophysis  in  the  twelfth,  con- 

SecUon  of  tblrd  cervical.  Camel.  j»      •        •      -i    *         *^  ■ 

tmuing  m  that  position  throng^Mmt 
the  lumbar  series.  There  are  no  anapophyses.  The  s^moiiB  pro- 
cess in  the  first  dorsal  suddenly  exceeds  in  length  that  of  the  last 
cenrical,  and  increases  in  length  to  the  third  dorsal ;  from  this  to 
the  twelfth  dorsal  the  summits  of  the  S|nnes  are  on  almost  the  same 
horisontal  line,  and  are  expanded  and  obtuse  above,  sustaining 
the  substance  of  the  hump  (Dromedary)  or  humps  (Camel);  the 
spines  of  the  lumbar  vertebrse  progressively  decrease  In  length. 
The  diapophyses  of  the  last  six  lumbar  vertebne  are  very  Icmg  : 
those  of  the  last  lumbar  do  not  ardculate,  in  the  Cam^idm  or  m 
any  Ruminant,  with  the  sacrum. 

In  the  Llama  {Auchenia)  the  last  sterneber  is  not  so  expanded 
as  in  the  Camel :  tlic  vertebral  formula  is  tlic  same :  the  fifth 
lumbar  has  the  largest  spine :  the  ccrvicals,  besides  having  im- 
perforate transverse  processes,  resemble  those  of  Macruuchfuia 
in  the  flatness  of  the  terminal  articular  surfaces,  and  the  neck  is 
habitually  less  bent  down  tlian  in  tlie  Camels. 

In  the  Musk-deer  i^Moschus  ynosrhij'crus),  the  vertebral  fornnila 
is: — 7  cervical,  14  dorsal,  5  luml^ar,  5  sacral,  iind  6  caudal.  The 
atlas  has  a  hypai>ophysis,  but  no  neural  spine*    The  transverse 
process  is  a  broad  thin  plate  coextensive  witli  the  length  of  the 
vertebra :   it  is  perforated  transversely  from  tlie  neural  canal 
outward  to  beneath  its  base,  for  the  exit  of  the  nerve,  and  then 
vertically,  by  the  vertebral  artery,  which  also  perforates  the 
neural  arch.   The  axis  has  a  sharj)  hypapophysial  ridge  extending 
firom  below  the  base  of  the  odontoid  process  to  beyond  the  poste- 
rior surface  of  the  centrum,  where  it  underlaps  the  next  vertebra. 
A  similar  ridge  and  backwardly  produced  process  are  developed 
from  the  two  succeeding  cervicais,  beyond  which  the  ridge  gra- 
dually subsides  to  the  seventh  vertebra.    From  the  third  to  the 
sixth  cervical  inclusive,  the  pleurapophysial  part  of  the  transverse 
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process  equals  or  exceeds  the  length  of  the  vertebra,  and  those 
])art8  are  arranged  bo  as  to  overlap  each  other.  There  is  a  dis- 
tinct, but  less  extensive  diapophysial  portion  j)rojecting  external 
to  the  vcrtebrarterial  canal :  this  part  alone  represents  the  trans- 
verse process  in  the  seventh  cervical.  The  spines  of  the  third 
and  seventh  cervical  vertebraj  are  vertical,  those  of  the  inter- 
mediate OIKS  incline  fonvard.  The  spines  of  the  anterior  dorsal 
vertebnc  are  remarkable  for  their  hcij^ht,  those  of  the  ])ostcrior 
dorsal  and  of  the  Inmhar  vertcbrie  for  their  antero-po^^terior 
extent,  the  anterior  angle  being  produced  forward  and  overlapjjing 
the  spine  in  advance.  A  distinct  metapuphysis  begins  to  be 
developed  from  tiic  second  dorsal,  and  attains  its  greatest  length 
on  the  twelfth.  There  are  no  anap()[>hvses.  The  notches  for 
the  nerves  increase  in  depth  as  the  vertebrae  recede  in  position. 


and  in  the  last  dorsal  the  neural  arcli  is  coini)letely  perforated  by 
these,  which  is  likewise  the  case  in  most  oi'  the  lund)ar  vertehra?. 
Eight  pairs  of  ribs  directly  articnlate  with  the  stcrnnin,  wiiich 
consists  of  seven  bones.  The  tubercle  disappears  from  the  penul- 
timate pair  of  ribs,  and  the  dia})ophysi8  is  reduced  to  a  short 
rough  tuberosity  ;  but  in  the  last  pair  the  costal  tubercle  with  its 
articular  surface  reappears,  and  the  diapophysis  resumes  its 
normal  size  and  articulation  with  the  ril).  In  the  first  lundjar 
vertebra  the  diapophysis  suddenly  increases  in  length  and  breadth, 
and  is  probably  augmented  hj  the  ossified  and  coalesced  b^;inmng 
of  a  rib. 

In  the  common  Ox  (Bos  Taurus,  fig.  309),  the  vertebral  ibr- 
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mula  IB: — f  oerrical^  13  dorsal,  6  lumbar,  6  aacial,  sod  21  cuuhL 
The  spineg  of  the  cervical  are  ahort,  aave  in  the  last,  and  thej  in- 
cline to  that  of  the  third  cervical,  as  the  centre  of  the  moTcmcofii 
of  the  neck :  theae  are  facilitated  by  the  ball-and-eocket  ardcal^ 
tiona  of  the  bodies,  common  to  the  true  Bnminanta  with  oaoft 
other  Ungulatea.  The  neural  spine  is  longeet  in  the  third  ttd 
fourth  dorsals,  whence  the  spines  gradually  shorten  to  the  tenth : 
the  metapophysis  passes  from  the  diapophygia  to  the  zygapophysdi 
in  the  tenth,  eleventh,  aud  twelfth  dorsals.  In  the  fir»t  lumbar 
the  diapophysis  exchanges  its  short,  ihickened,  obtuse  shape  for  a 
loiin;,  Ijroad,  vertically  compressed  plate :  these  processes  increa^ 
ill  length  to  the  fourth  lumbar.  The  foramina  for  the  spinal 
nerves  directly  perforate  the  neurapophyses  of  the  dorsal  vertebra- ; 
they  escape  by  conjugational  foramina  at  the  interspaced  ui'  tlic 
lumbar  vertebric. 

The  Eiir()]>ean  Bison  has  14  dorsal  and  5  lumbar  vertebra?,  the 
American  liison  has  15  dorsal  and  4  luml)ar,  and  this  is  the 
extreme  reached,  in  the  luiuiinaui  order,  of  moveable  fiair$  of 
ril)s,  equalling  in  number  those  of  the  Hippopotamus.  The  ribe 
are  more  blender  in  JJi^oii  than  in  JJos. 

In  the  Roan  Antelope  (Antilope  equina),  the  verttbrul  lormiila 
is ; — 7  cervical,  14  dorsal,  6  lumbar,  4  sacral,  and  14  c;iiiJAL 
The  atlas  and  dentata  send  out  strong  diapophyses:  from  that 
the  third  cervical  a  broail  plenrapophysial  ri(l<xe  extcn<l>  fMruarl 
and  underlaps  the  diapophysis  of  the  axis:  a  similar  structure  ? 
presented  by  the  fourth  and  fifth  cervicals,  and  iu  the  «ixtlt  ih': 
pleura})o])hy8!8  forms  a  broad  :-ui)quadrate  plate  extending  d.-wn- 
ward  and  a  little  outward.  This  element  is  absent  in  the  trdu— 
verse  process  of  the  seventh  vertebra,  which  is  imj)erforat«.'.  The 
dorsal  spines  be<j^in  j )rogressi vely  to  shorten  from  tlie  tilth  :  thai 
of  the  thirteenth  is  vertical,  and  indicates  the  centre  of  moti'Ti  >■{ 
the  trunk.  A  metapophysis  is  developed  from  the  front  of  ti  e 
diapophysis  of  the  second  to  the  ninth  dorsal  vertebnc  ineluAiie, 
where  it  bej^ins  to  be  transferred  to  the  anterior  xycrapophysi*, 
from  which  it  extends  in  the  last  four  dorsals  in  all  the 
lumbar  vertebra\  There  is  a  short  ana{»oj)hysis  in  the  hist  two 
dorsals,  but  not  in  any  of  the  lumbar  vertebr;e.  Nine  pairs  of 
ribs  directly  join  the  sternum,  which  consists  oi  eight  bonea  and 
the  xiphoid  cartilafre. 

These  characters  are  found  in  the  vertebral  column  of  moal 
Antelopes. 

In  the  AVild  Sheep  of  Thibet  (Ovis  Nahura),  as  in  the  EngIL>li 
domestic  Ovis  Aries,  the  vertebral  formula  is: — 7  oerrioai.  13 
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dorsal,  7  liimbAr,  4  siusral,  10  caudal,  the  latter  being  subject  to 
variety.  The  pleurapophysial  parts  of  the  transverse  processes 
of  the  third,  fourth,  and  fifth  cervicals  underlap  the  diapophysial 
parts  of  those  in  advance :  the  pleurapophysiB  of  the  sixth  cervical 
id  an  oblon«^  ([uadrate  plate;  the  seventh  is  imperforate^  as  in 
Ruminants  generally.  The  neural  spines  increase  in  height  from 
the  third  to  the  seventh  cervical,  and  are  suddenly  and  greatly 


810 


(jlraflc. 


surpassed  in  height  by  those  of  the  anterior  dorsals.  The  meta- 
pophysis  is  developed  on  tiic  second  and  succeedintv  dorsals ; 
attains  the  anterior  aygapophysis  in  the  elcvcTitli :  and  projects 
from  that  part  in  all  the  Inmbnr  vertebra;.  The  last  pair  of  ribs 
are  joined  by  the  head,  only,  to  the  vertebra :  the  seven  anterior 
pairs  directly  join  the  sternum,  which  consists  of  six  bones. 
The  Girafte  is,  in  some  respects,  intermediate  between  the 


464 


ANATOMY  OF  VEBTEBBATES. 


*  hollow-horncd '  and  'solid-horned'  liunimants,  though  partakiDg 
more  of  the  nature  of  the  Deer. 

In  the  Kiibiuii  Giiiilie  (Camelopardalis  Giraffa,  fig.  310),  die 
vertebral  formula  is : — 7  cervical,  14  dorsal,  5  liinabar,  4  .^aeral, 
and  20  caudal.  The  vertebral  artery  perforates  the  fore  part  of 
the  neura]>ophy8is  of  the  atlas  twice,  vertically  and  transvcr^ely: 
the  atlas  has  a  hypapophjms :  this  process  iu  the  tleiitata  is  a 
loug  thin  ridge:  the  upper  and  fore  part  (»f  the  trans vei-^e  proctv 
is  pertbrated  hy  the  vertebral  artery  in  this  and  the  succeeding 
cervicals;  a  pair  of  exogenous  processes  is  developed  from  the 


under  and  fore  part  of  the  body  in  the  third  to  the  seventh  cer- 
vical inclusive :  the  second  to  the  sixth  are  remarkable  for  tlieir 
length  and  almost  Avant  of  neural  spines :  the  short  one  of  the 
seventh  cervical  is  antrovertcd:  those  of  the  dorsals  rapidly 
increase  to  the  third,  which,  with  those  of  the  fourth  and  fifth, 
raise  the  outlnie  of  the  back,  like  a  hump:  tiicy  tlien  crradinillv 
duninish  to  the  last  dorsal.  The  ribs  are  long,  correspond m,^ 
with  the  great  de[)th  of  the  chest.  Seven  pairs  directly  join  the 
sternum,  which  consists  of  mx  bonos. 

In  the  Bein-deer  {Cervut  taratidus,  fig.  3I1)»  the  vertebral 
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fonnula  is: — 7  cervical,  14  dorsal,  5  lumbar,  4  sacral,  and  11 
caudal.  The  pleurapophyses  of  the  third,  fourth,  and  fifth 
cer>'icals  are  developed  forward  as  well  as  backward  ;  those  of  the 
FLxth  are  also  of  great  breadth,  and  are  more  produced  downward. 
The  metajKiphysis  is  distinctly  developed  upon  the  second  and 
succeedinjjj  dorsal  vertebra?,  and  attains  the  outside  of  the  zyga- 
po])hysis  in  the  eleventh.  All  the  dorsal  ribs  are  biarticulate,  re- 
taining both  head  and  tubercle.  Eight  pairs  of  ribs  directly  join 
the  sternum,  which  consists  of  seven  bones.  In  the  Megaceros, 
fig.  166,  as  in  the  Fallow  and  most  other  Deer,  there  are  thirteen 
dorsal  and  six  lumbar  vertebral. 

The  opisthocoplian  ball-and-socket  joints  of  the  cer^^cal  ver- 
tebra? facilitate  the  habitual  inflections  of  the  neck  in  the  grazing 
and  browzing  actions  in  all  Kuminants,  while  the  long  spines  of 
the  anterior  dorsals  afftird  adequate  surface  of  attachment  to  the 
elastic  and  muscular  structures  sustaining  the  head — heavy  in 
most  of  them  with  horns  or  antlers. 

B.  Skitl/. — This  presents  great  diversity  of  shape  in  the  Artio- 
dncti/la,  \\\x\\  some  common 
characters,   already  noted, 
which  distinguish  it  from 
that  of  Perissodactyla. 

In  the  JiippopotamuSf 
fig.  312,  the  occiput  is  sub- 
vertical  :  from  the  upper 
part  of  its  crest  the  con- 
tour of  the  skull  runs 
nearly  straight  to  the  fore 
ends  of  the  nasals,  15.  The 
orbits,  small  and  with  an 

II(pp<rp»tamu4  amphtbitt*. 

entire,  or  almost  entire,  rim 

of  bone,  singularly  project  both  upward  and  outward,  the  frontals, 
11,  rising  toward  them,  and  arching  length^vise  across  their  upper 
half.  The  upper  jaw,  r,  which  is  almost  cylindrical  in  advance  of 
the  molar  series,  suddenly  expands  to  form  the  alveoli  of  the  upper 
tusks,  the  mandible  similarly  expanding  for  those  of  the  lower 
tusks,  r ;  in  the  upper  jaw  a  second  tenninal  expansion,  divided  by 
a  deep  groove  fnun  the  first,  increases  the  space  for  the  large  tusk- 
shaped  incisors.  The  depth  of  the  temporal  fossa?  renders  that  part 
of  the  cranium,  7,  narrower  across  than  any  part  of  the  face  :  the 
fossa?  meet  above  to  form  a  parietal  crest  in  old  males.  The  facial 
part  of  the  lacryinal  is  extensive,  but  the  small  dee|>-seated  orbital 
j)art  is  perforated  by  the  lacrymal  foramen.  The  malar,  2C,  sends 
vou  II.  II  II 
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up  a  process  to  the  ix)Ptfn>iUal,  which  it  rarely  reaches  :  it  ex- 
tends l)!ickward  to  the  glenoid  cavity,  and  forms  the  under  part  of 
the  zygoma  :  the  upper  part  is  due  to  the  squamosal,  27.  Tlic  ex- 
ternal nostril  is  terminal,  vertical,  and  formed  by  the  iiasaU  and 
premuxiNaries :  the  maxillaries  are  perforated  by  a  moderately 
large  antorbital  ioraiiitn  far  in  advance  of  tliat  cavity:  tbe  lateral 
serie<^  of  molar  alveoH  Hlisrhtlv  divern-e  anteriorly — a  <!i>TM virion 
which  Cuvier  regard^]  as  jieeuliar  to  the  Hippo])otaniiis  among 
Mammal^.  The  hony  palate  is  dee]dy  notched  anteriorly  between 
the  ]iremaxiUaries  :  there  are  two  pairs  of  '  foramina  incisiva.'  The 
ascending  ramus  of  the  mandible,  i,  has  a  jjosterior  coii  vex ly- 
curved  outline  descending  to  an  antroverted  angular  process ; 
the  horizontal  rami,  divided  by  a  deep  notch  from  the  angle,  run 
forward  almoBt  parallel  with  each  other,  and  expand  at  the  sjm- 
physiSf  along  whose  upper  and  anterior  broad  truncated  border 
the  incisor  sockets,  four  in  existing,  six  in  some  extinct^  Hippa^ 
potami,  form  a  straight  transTerse  line,  between  the  tusks,  c 

In  a  very  young  Hippopotamus  may  be  observed  the  following 
evidences  of  cranial  structure.     The  basioccipital  has  partially 
coalesced  with  the  basisphenoid^  but  not  with  the  ezoccipitalB ;  it 
forms  no  part  of  the  occipital  ocmdjlee^  and  developes  no  procseflsea 
from  its  under  sur&ce:  its  lateral  synchondrosal  suiftces  are 
divided  into  two  facets^  one  for  the  part  of  the  ezoccipital  behind 
the  precondjloid  foramen,  the  other  for  the  smaller  part  in  fiont* 
These  parts  of  the  ezocciiAtal  have  not  coalesced  on  the  inner 
side  of  that  foramen,  which  is  single :  the  ezoccipital  developeB, 
besides  the  condyloid  procesSy  the  paroodpital  and  a  broad  process 
to  join  the  mastoid.    The  superocdintal  is  a  thick,  rhomboid, 
vertical  plate.    The  alisphenoids  have  coalesced  with  the  ban- 
sphenoid  :  they  are  short,  and  are  grooved  behind  by  tiie  boundary 
which  they  contribute  to  the  foramen  common  to  the  foramen 
ovale  and  the  basicranial  foramen  lacerum,  and  more  deeply  in 
front  by  the  part  they  contribute  to  the  foramen  common  to  Hie 
foramen  rotundum  and  foramen  lacerum  anterius :  they  develope 
long  pterygoid  processes,  which  are  imperforate,  and  articulate 
along  their  inner  sides  with  the  entopterygoids*   The  j)resphenoid 
has  coalesced  with  the  orhitosphenoids  and  ^\'\th  the  rudimental 
prefrontals,  which  are  connate,  compressed,  -and  idrm  the  mcdiau 
septum  of  the  great  anterior  outlet  of  the  cranial  cavity.  The 
vomer  is  a  long,  slender,  pointed  bone,  deeply  gr(M)ved  above. 
The  ]»arietal3  articulate  with  the  alisphenoids,  orl)ito8phenoid6, 
s(iuaiiiosals,  mastoids,  frontals,  suj)eroccipital,  and  each  other. 
The  under  part  of  the  frontal  is  divided  into  a  cranial,  orbital,  and 
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olfactory  surface  ;  the  orbital  surface  being  the  largest,  and  the 
supcrorbital  ridge  broad  and  much  produced.  The  petrosal, mastoid. 


Skull  of  Yoong  Pig  (.Viu). 


tympanic  and  squamosal  elements  of  the  temporal  have  coalesced. 
The  meatus  internus  is  a  deep  fossa  divided  into  a  cribriform 
surface  below  and  a  canal  above:  the  31^ 
tympanic  swells  into  a  large  three-  - 
sided  conical  protuberance  below.  The 
palatines  prolong  the  bony  palate  be- 
yond the  series  of  grinding  teeth  in 
use. 

The  composition  of  the  Mammalian 
skull  has  been  more  fully  exemplified  in 
the  young  of  the  genus  Sus  (p.  300, 
fig.  189).  In  fig.  314,  is  given  a  back 
view  of  the  neural  arch  of  the  occipital 
vertebra,  showing  the  flattened  cen- 
trum (basioccipital),  c  3,  the  neurapo- 
.  physes  (exoccipitals),  c  2,  with  their 
convex  iwHt-zygapophyses  or  *  con- 

II      »        1  1  1  r         r  U  Offli.ot  (Am). 

dyles,  and  long  aescenumg  diapophy- 

gC8  (paroccipitals).    The  neural  spine  (superoccipital),  c  i,  is  a 

■  B  2 
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vertical,  quadrate,  expanded  plate,  which  completes  the  upper 
part  <»f  the  neural  canal  ( foramen  magnum). 

The  superoccipital  enters  into  the  formation  of  the  upper  sur- 
face of  the  skull,  as  at  3,  fig.  313.  The  parietals  present  flat  supra- 
cranial,  ib.  7,  7,  temporal,  and  intra-cranial  surface^s,  fig.  315,  7. 
The  frontals  present,  also,  a  flat  supracranial  surface,  fig.  313,  ii, 
an  orbital,  and  an  intra-cranial  surface,  fig.  315,  ii.  The  postorbitjd 
process  is  not  joined  by  a  malar  one :  the  superorbital  canals  are 
large,  as  in  Kuminants.  The  nasals,  is,  are  long  and  pointed: 
the  premaxillaries,  22,  unite  and  circumscribe  with  them  the  ex- 
ternal nostril.  There  is  a  prcnasal  bone,  w,  which  strengthens 
the  uj)rooting  snout  in  most  of  the  hog-tribe.    The  maxillary,  21, 

315 
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in  the  adult  Boar,  developes  a  large  outwanlly-curved  alveolus 
for  the  tusk ;  strengthened  above,  in  the  Indian  wild  Boar,  by  a 
longitudinal  ridge  :  the  antorbital  perforation  is  of  moderate  sire : 
the  maxillary  unites  posteriorly  with  the  large  facial  plate  of  the 
lacrvmal,  fig.  313,  73,  and  with  the  malar,  2f.  This  has  no  post- 
orbital  process.  It  is  united  with  the  zygomatic  part  of  the  squa- 
mosal, 27,  by  a  double  notch.  The  small  cranial  plate  of  the 
8f|uamosal  is  shown  at  </,  fig.  315.  The  articular  surface  for  the 
mandible  is  convex  from  before  backward,  concave  transversely, 
in  which  direction  it  is  most  extendeil.  The  alisphenoid  is  marked 
/,  in  figs.  313  and  315.  The  floor  and  sides  of  the  long  nasal 
canal  are  formetl  by  the  premaxillaries,  fig.  315,  22,  the  maxillarie^. 
21,  and  the  palatines,  20 :  to  the  latter  succeed  the  pterygoidj*,  /*: 
the  depth  of  the  canal  is  gained  by  depressing  the  backwardly- 
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extended  bony  palate  below  the  level  of  the  hasia  erami^  1-9.  The 
petrotympanio  bulla,  id,  is  large,  prosunent,  and  snboompreflsed. 
In  the  interior  of  the  cranium  the  rhinencephalic  oompartment,  h, 
is  large  and  well  defined. 

The  skull  of  the  BabyrousBa  (^8u»  Bahynusa),  as  compared 
with  that  of  Su$  Scrofa  and  8u»  laroatu$,  shows  a  broader  and 
lower  occiput ;  the  mastoids  are  larger ;  the  temporal  fossse  more 
approximated  on  the  upper  part  of  the  cranium ;  the  bony  palate 
is  more  produced  beyond  the  last  molars.    The  mastoids  diow  a 


316  817 


pneumatic  cellular  structure,  and  l)ec()me  confluent  with  the  tym- 
panic and  squamosal,  not  with  the  petrosal.  Tliis  hony  capsule  of 
the  acoustic  organ  retains  its  primitive  inili\ iiluality,  as  such,  and 
mav  be  detached  from  the  surroundinfr  hones  formincr  the  oto- 
crane:  neither  paroccij»ital  nor  mastoid  are  disinciiil)crments 
thereof,  a.s  misinter[>reterri  of  <levclopniental  phenomena  allege. 
There  is  no  ossified  prenasal.  In  the  maxillary  the  long  sockets 
of  the  canine  tusks  bend  upward  ;  the  naso-maxillary  part  of  the 
cranium  being  slightly  comj)ressed  ])etween  them.  A  remarkable 
peculiarity  is  also  |)resentcd  hy  the  foss;c  at  the  inner  side  of  the 
base  of  the  pterygoids,  which  lead  to  sinuses  communicating  on 
one  or  both  sitles  w  ith  the  splienoidal  sinus.  The  air-cells  exteud 
Ironi  the  nose  to  the  occij)ut. 

In  the  Wart-hog  ( Phdcifr/ternis  yEIi<nn\  tig.  .'HG),  the  fronto- 
parietal region  is  broad  an«l  flat,  except  transversely,  where  it  is 
rendered  concave,  as  in  the  Hippopotamus,  by  the  orbits  being 
raised  above  its  level  :  th(»se  cavities,  are  placed  farther  back 
than  in  the  other  Suidwy  and  are  partly  defended  by  a  post-orbital 
process  of  the  malar.     The  paroccipital  processes  are  long  and 


Digitized  by  Google 


470 


ANAT0IC7  OF  TSBTEBBATE8. 


slender.  The  mastoids  are  compressed  and  pointed,  and  are  muck 
less  developed  than  in  the  Wild  Boar,  the  Masked  Boar,  or  the 
BabyrouBsa.  The  ])terygoid  fossnc  are  simple ;  not  divided  into 
an  external  and  internal  compartment,  as  in  the  Babyroussar  bat 
they  are  more  extended  backward.  The  sockets  of  the  canines, 
have  not  the  process  from  the  upper  part,  as  in  the  Sum  iarvaiui. 
The  maxillc^premaxillary  suture  is  early  obliterated,  except  at 
the  apex  of  the  premaxillaries  which  extend  beyond  the  sockets  of 
the  tusks.  The  nasals,  15,  are  of  great  length.  The  fore  part  of 
the  lower  jaw,  fig.  317,  is  expanded  for  the  sockets  of  the  tuska^Cy 
and  truncate,  as  in  Hippopotamus ;  but  the  sockets  of  the  incisors 
are  soon  obliterated.  In  the  interior  of  the  skull  a  tentorial  ri^ge 
is  developed. 

In  the  Peccary  a  strong  ridp^e  extends  from  the  lower  border 
of  the  malar.  The  pterygoids  have  not  the  fosse  shown  in  the 
Babyroussa  and  Wart-hog,  and  are  less  laterally  ex]>an(1ed.  The 
paroocipitals  rise  more  to  the  outside  than  in  Sus.  The  articukr 
surface  for  the  mandible  is  concave  from  before  backward. 

In  the  skull  of  a  Camel  {Camelus  baetrianus,  fig.  318),  the 
occipital  condyles  are  divided  into  two  sorfSMses  meeting  at  aa 


zygomatic  arches,  in  relation  to  the  laniarifoim  teeth,  «,  a, m 
longer  and  overspan  a  wider  temporal  fossa,  10,  than  in  tme  Bimi- 
nants.  The  orbit  has  an  entire  bony  rinL  The  premazillariea»  1 ,  da 
not  reach  the  nasals,  7,  and  the  maxiUaiiea,  t,  contribute  to  Ibna 
the  external  bony  nostril.  In  the  Llama  and  Yicttgna(/liieftaM«i)» 
the  premaxillaries  exclude  the  maxillaries  from  die  nostril.  A 
▼acuity  between  the  maxillary,  lacrymal,  fixmtal,  and  nasal  re- 
mains large  in  Llamas,  but  is  reduced  in  old  Camels  to  a  small 
nxe,  between  the  frontal,  s,  and  maxillary,  s;  or  it  may  be  obli- 
terated, as  is  usual  in  the  Vicugna.  The  antorlntal  fonmea.  K 
opens  above  the  last  premolar.   The  orbital  plate  of  the  laofynal 
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acute  angle,  and  they 
come  in  contact  with  eadi 
other  beneath  the  ban- 
ocdintal,  which  contri- 
butes an  equal  ahaie 
with  the  exoooipitals  to 
their  formation.  Dm 
paroooipitalB  are  mll» 
and  shorter  than  the 
mastoids.  The  occi- 
pital, 11,  and  parietal,  t, 
crests  are  sluurp:  the 
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shows  two  perforations.  The  external  pterygoid  process  is 
formed  by  the  alisphenoid,  the  internal  one  by  the  true  ptery- 
goid ;  both  arc  far  behind  the  bony  palate,  which  is  divided 
from  the  last  molar  alveolus  by  a  notch.  The  cranial  wall  in 
the  Camel  is  unusually  thick,  with  a  close  cancellous  diploe, 
save  where  the  air-cells  penetrate  the  frontal  and  presjdienoid. 
There  is  no  bonv  tentorium.  The  lateral  siiuis  bifurcates  above 
the  petrosal  into  two  wide  venous  canals.  riie  hinder  one  again 
di\ides,  one  branch  terminatinf]C  on  the  8uj)eroccij)ital  surface, 
above  the  mastoid,  the  other  descending  to  terminate  at  tlie 
ordinary  '  foramen  jugularc  : '  the  anterior  canal  descends  to  the 
l)ase  of  the  zygoma,  where  it  also  divides,  oiu*  division  opening 
on  the  inner  and  the  other  on  the  outer  side  of  the  post-glenoid 
process.  In  the  Llama  the  venous  opening  above  the  root  of  the 
zygoma  is  large :  and  there  is  a  smaller  one  at  the  fore  part  of 
the  root.  The  foramen  rotundum  is  blended  with  the  foramen 
laeerum  antcrius.  The  rhinenccphalic  fossa  is  narrow  but  deep. 
The  osseous  septum  is  coextensive  with  the  nasal  l)ones  in  old 
Camels.  The  angle  of  the  mandible,  m%  is  singularly  elevated, 
and  the  contour  of  the  ascending  ramus  makes  a  convex  sweep 
to  the  lower  border  of  the  horizonlul  one.  The  outlet  of  the 
dental  canal,  r,  is  below  tiie  laniariform  premolar,  s.  The  fore 
part  of  the  symphysis  expands  horizontally  for  the  incisor 
al  veoli. 

In  the  true  Kuminants  the  skull  is  characterised  by  the  small 
size  and  edentulous  con(liti(m  of  the  premaxillaries^  the  slender 
zygomatic  arches,  the  entire 
bony  rim  of  the  orbit,  the  large 
facial  plate  of  the  lacrymal,and 
by  the  processes  of  the  frontal 
bone  for  the  fonnation  of  horns 
or  antlers.  These  latter,  how- 
ever, arc  wanting  in  both  sexes 
(»f  the  Musk-deer  (Mosrhus, 
T'rr///M/w.v),asin  the  Camel  tribe. 
The  tK-cipital  condyles,  fig.  319, 
closely  approximate  below  : 
the  paroceipital  is  longer  than  the  mastoid.  The  temporal  fossa?, 
in  the  formation  of  which  the  parietals,  a,  take  a  large  share,  with 
the  squamosals,  lo,  are  divided  above  by  a  parietal  crest,  and 
resemble  those  of  the  (^amel.  There  is  a  small  vacuity  between 
the  frontal,  k,  hu'rymal,  3,  maxillary,  2,  and  nasal,  7,  in  3fosr/it/s 
moschij'trus,  which  does  not  exist  in  Tragului.    The  malar,  a,  is 
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marked  by  a  ndgc  continued  from  the  lower  border  of  the  orbit. 
The  petrotympanic  forms,  in  the  smaller  Musk-deer  (  Tragulu*) 
and  Antelopes  (  Cephalophus)^  a  large  *  bulla  ossea : '  antl  the  orbits 
gain  in  projwrtional  size  as  the  bulk  of  the  species  decreases. 
The  lateral  emarginations  of  the  bony  palate  are  usually  tleejier 
than  the  me<lian  one,  in  true  Kuminants,  the  reverse  beiii«jr  the 
case  in  the  Llama  and  Vicugna,  In  Microtheriiim  the  premaiil- 
larics  do  not  reach  the  nasals,  nor  yet  quite  in  Hi/(tmo»chus. 

In  the  skull  of  the  Dovitla 
I  have  usually  seen  that,  al- 
though the  full  size  and  mature 
dentition  have  been  acquired,  the 
suture  between  the  exoccipitaL*, 
fig.  320,  iT,  n',and  that  between 
these  and  the  su|>en)CcipitaJ,  ib. 
11,  remain  distinct.  The  occipi- 
tal condyles,  i,  are  wide  apart,  as 
in  Antelopes  and  Deer.  The 
paroccipital,  i,  and  fig.  .321,  a'\ 
descends  much  below  the  mastoid,  lo ;  the  exoccipitals  complete  the 
foramen  magnum,  above  :  the  basiocci])ital  has  a  pair  of  tubercles. 
In  the  Qx{Bos  taurus)i\iQ  whole  of  the  upper  surface  of  the  cranium 
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Skull  of  tbr  Ox  (Bot  taunut. 


is  formed  by  the  frontals,  fig.  321,  c:  the  p.irietals,  which,  at 
an  earlier  period,  encroach  u|K)n  the  back  part  of  the  upj)er  sur- 
face, are  now  pushed  quite  to  the  posterior  or  occij»ital  ai5|^ct. 
This  deposition  does  not  take  place  in  the  Bisony  fig.  320,  but  the 
frontals,  at  the  interspace  between  the  horns,  are,  with  the  con- 
joined ])urietals,  9,  developed  into  a  ridge  rising  above  tlmt  fi>nne<l 
by  the  superoccipital,  1 1.  The  petnMympanic,  fig.  320,  lo,  321 ,  r', 
is  prominent  and  rough.  The  squamosal,  r,  has  a  venous  outlet 
above  the  base  of  the  zygoma.    The  malar  forms  the  lower  part 
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of  the  orbit  and  extends  largel}-  upon  the  hce,  at  k,  to  join  the 
maxillary,  h.  The  eorresponding  plate  of  the  lacrymal  is  still 
more  extensiye  and  here  joins  the  nasal, /» leaving  a  small  fissure 
between  those  bones  and  the  frontal,  c.  This  very  extensive  bone 
has  a  large  superorbital  fissure.  The  nasab  are  deft  at  their 
fore  end.  The  premaxillary,  ^,  has  but  a  small  or  loose  junctbn 
with  the  nasals.  The  maxillary,  h,  is  extensive,  the  antorbital 
foramen.  A',  perforates  it  above  the  first  premolar.  In  Buak 
europmuM  the  horns  arise  in  advance  of  the  ridge  formed  by  the 
superoccipital  bone,  the  parietals  advancing  to  the  upper  surface 
of  the  slrall  and  being  interposed  betweeh  the  fronted  and  super- 
occipital.  The  Bison  differs  fiom  the  Buffido  {Bubalut)  in  the 
greater  breadth  and  convexity  of  the  frontal,  and  in  the  much 
greater  extent  of  tlie  orbital  processes  of  that  bone,  which,  with  the 
coextensive  processes  of  the  lacrymal  and  malar,  form  a  prominent 
cylinder.  The  nasals  are  relativdy  shorter  aijd  broader  than  in  the 
Ox  (Bos) ;  but  the  chief  distinction  between  the  Bison  and  the  Ox 
is  seen  in  the  shorter  premaxillaaries,  which  do  not  rise  to  join  tlie 
nasals:  here,  therefore,  six  bones  enter  into  the  formation  of  the 
external  nasal  aperture,  instead  of  four,  as  in  Bom  and  Bubalus. 

The  firontal  sinuses  extend  into,  the  horn-cores  in  all  Bovine^, 
but  not  so  in  the  majority  of 
Antclopen.  In  this  rami* 
nant  group,  with  some  ex- 
ceptions, e.  g.  Aigocerotf 
Lyrocerogy  StrepsiceroSy  Di» 
cranoceros,  the  facial  plate 
of  the  lacrymal  is  impressed, 
often  ileci)iy,  by  the  antor- 
bital cutaneous  sac,  com- 
monly culled  *  lacrymal.*  In 
the   Duykerbok  {Ccphalo^ 

vhus  mrrorns)^  the  parietals  ^ 
'  11-  1  rraitTlvir«fttoenBmoftlM«vaili«lmi. 

arc  produced  in  an  angular 

fonn  between  the  bases  of  the  hom-corcs,  which  spring  as  usual 
from  the  frontals.  In  the  Chickara  (  Tetrnccms)  the  frontal  deve- 
loper two  pairs  of  horn -cores :  and  this  j)ecuHarity  was  als<»  mani- 
fested by  some  <x'^rJ»"^'<'  Antelopes  { Bramntlit  rinni  and  SIrtithe- 
ritiui),  f)ow  exliiu  t,  ul"  the  same  continent  ( India):  in  which,  also, 
the  iM>sterior  horn-cores  were  ramified,  as  in  the  Pionjr-horn  {Di- 
cniniKt'rtts  furrifrr).  The  Sivathere  was  also  remarkable  for  the 
Bhortne8s  nl'tlu-  larial  jtart  of  the  skull  and  the  tennination  of  tho 
nasaU  in  u  down-l)eut  |>oiiit,  tig.  322.     In  the  Duykerbok,  Cha- 
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mois,  Goral,  Saiga,  Chiru,  and  one  or  two  others,  the  premaxillaries 
do  not  join  the  nasals ;  but  this  junction  is  seen  in  most  Antelopes 
In  all,  as  in  the  Sheep  and  its  allies,  both  the  superoccipital. 

fig.  323,  11,  and  fig.  324,  a,  and  the  parietAk, 
ib.  9  and      maintain  their  (>osition  at  the 
back  part  of  the  vertex  :  the  frontals,  ib.  9,  9, 
and  c,  still  form  the  chief  part  and  alone 
develope  the  horn-cores :  the  nasals,  7,  are  not 
expanded  posteriorly,  as  in  Camelidte,  Both 
frontals,  c,  and  malars,  k,  fig.  324,  extend  far 
in  advance  of  the  orbit,  r/,  but  are  exceeded 
in  this  extension  by  the  lacrymals,  i,  which 
articulate  with  the  nasals,  f,  for  an  equal 
extent  with  the  maxillary,  A.    In  the  wild 
Ovis  Ammon  there  is  a  lacrymal  pit,  and  this, 
in  Ovis  Vignei^  deeply  impresses  the  facial 
plate  of  the  bone.    The  premaxillaries  in  the 
same  wild  Thibetan  sheep  join  the  natf^als 
suturally,  but  in  the  domestic  Ovis  Aries,  the 
premaxillaries,  </,  barely  touch  the  nasals. 
In  the  Naliura  Argali  (^Ouis  Nahura)y  the  premaxillaries  do  not 
reach  the  nasals :  nor  is  the  lacrymal  impressed  with  the  pit.  The 
*  incisive '  fissures  in  the  palatal  plates  of  the  premaxillaries,  figs. 
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8knll  uf  81ii>«p,  bomleM  var. 


168  and  323, are  long  and  narrow.  The  maxillo-palatal  sutures, 
fig.  168,  dy  turn  obliquely  outward  and  backward  to  the  inner 
wall  of  the  socket  of  the  last  molar,  opposite  the  hinder  half  of 
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>vhich  arc  three  posterior  palatal  notches.  The  pterygoicU  form 
no  [)art  of  the  bony  palate. 

The  following  differences  miiy  l>e  noticed  in  comparinrr  the 
skull  of  the  Goat  (  Ctipru  Iltrcus)  with  that  of  the  Sheep  (^Ovis 
Ariefi).  In  the  Sheep  the  postorbital  process  or  plate  is  broader 
and  more  bent  outward,  forming  a  deei)  dc|)ressi<)n  between  it 
and  the  origin  of  the  horn;  it  also  turns  the  plane  of  the  orbit 
more  obliquely  forward:  in  the  Goat  the  aspect  of  this  plane  is 
more  directly  outward.  The  occiput  is  higher  in  proportion  to 
its  breadth  in  the  Goat  than  in  the  Sheep.  The  j)etro8al  is 
relatively  longer  and  dee])er  in  the  Goat  than  in  the  Sheep. 
The  nasals  are  relatively  smaller  in  the  Goat,  where  they  are 
shorter  than  the  premaxillaries  ;  their  upper  surface  is  concave 
lengthwise,  except  at  the  free  points,  where  they  are  slightly 
bent  down.  In  the  Shet']>  the  nasals  are  relatively  larger,  are 
longer  than  the  j)remaxillaries,  and  their  whole  ujiper  surface  is 
convex  lengthwise.  There  are  also  dift'erences  in  the  connections 
of  these  bones;  in  the  Sheep  the  nasals  join  the  lacrymals,  rarely 
the  premaxillaries,  whilst  in  the  Goat  they  join  the  premaxillaries 
V)Ut  not  the  lacrymals, — a  v.ienity,  which  is  not  present  or  is 
rudimental  in  the  Sheep,  separating  them  from  the  lacrymals. 
The  u])per  border  of  the  maxillary  bone  is  relatively  shorter  in 
the  (ioat,  and  the  anterior  border  is  not  notched  to  receive  the 
ujiper  end  of  the  premaxillary,  as  it  is  in  the  Sheep.  The  pre- 
maxillary  is  narrower  at  its  alveolar  end  in  the  Goat,  and  its 
upj)er  end  rises  so  as  to  overlap  the  side  of  the  na.Hal :  in  the 
Sheep  the  premaxillary  is  relatively  broader,  and  rarely  rises  to 
touch  the  nasal.  The  lacrymal  bone  of  the  Goat  is  shorter  in 
proportion  to  its  breadth,  and  is  not  impressed  on  its  facial 
surface  bv  a  laervmal  fossa  ;  it  does  not  touch  the  nasal :  in  the 
Sheep  the  lacrymal  is  longer  in  proportion  to  its  breadth,  and  is 
more  regularly  (piadrate  in  form;  it  joins  tlie  nasal,  and  thus 
obliterates  that  vacuity  which  is  present  in  the  skull  of  the 
Goat  ;  its  facial  plate  is  usually  impressed  by  a  concavity  for  the 
cutaneous  lacrymal  pit.  In  comparifig  the  ujtper  contour  of  the 
skull,  from  the  occipital  ridge  to  the  free  extremity  of  the  nasal 
bones,  it  fonns,  in  the  Goat,  nearly  a  right  angle,  with  the  two 
8i<les  equal:  in  the  Sliee[>  it  forms  a  more  open  ADglej  with  the 
anterior  side  twice  as  long  as  the  j»osterior  one. 

In  the  skull  of  the  Giraffe  {^CtimclopnrdaUs  Giraffa^  figs.  325, 
.320),  the  exocei|>itals  f)rm  a  marked  j)rotuberance  above  the 
foramen  magnum  and  below  a  deep  ftssa  for  the  implantation  of 
the  ligameutum  nuchie.    The  parietaU  are  chiefly  situated  on 
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the  upper  surface  of  the  skull ;  the  osseous  horn-cores  arf 
originally  distinct,  with  their  bases  crossing  the  coronal  i^uture. 

and  resting  equally  upon  the  parietaJs 
and  frontals:  they,  however,  coalesce 
therewith  in  old  males,  and  the  frontai 
and  parietal  sinuses  extend  into  the 
lower  fourth,  the  rest  of  the  horn-core 
being  a  solid  and  dense  bone.   The  pro- 
tuberance upon  the  frontal  and  contigu- 
ous parts  of  the  nasal  bones  is  due  to 
an  enlargement  of  those  bones  (a«  ob- 
vious in  the  section,  fig.  326),  and  not 
to  any  distinct  osseous  part :  its  surface 
is  roughened  by  vascular  impressions, 
undermining  the  basal  j)eriphery  and 
simulating  a  suture.    The  lacrynial  is 
separated  from   the  nasal  by  a  large 
vacuity    intervening    between  those 
bones,  the  frontal  and  the  maxillary. 
The  premaxillaries,  which  are  of  un- 
usual length,  articulate  with  the  nasals. 
The  pet ro-tym panic  is  a  separate  bone. 
The  symphysis  of  the  lower  jaw  ii 
unusually  long  and  slender.    The  arti- 
cular surface  of  the  prominent  occipital 
condyles  is  so  extended  vertically  a^ 
to  admit  of  the  head  being  raised  into  a  line  with  the  neck,  and 
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even  slightly  bent  back  beyond  that  line.  The  great  freedom 
given  to  the  inuvemeut^  oi"  the  head  relutc,  like  the  length  of  neck 
and  general  altitude  of  the  body,  to  the  culling  of  leaves  from  the 
trees  browzed  uu  by  the  Giraffe.  The  part  ol'  the  skull  to  which 
the  elastic  ligament  is  nttached  is  raised  oonsiderahly  abuvc  the  roof 
of  the  cranial  cavity  by  the  extension  backward  ul  large  sinuses, 
or  air-ceils,  as  far  as  the  occiput,  fig.  32G.  The  sinuses  com- 
mence above  the  middle  of  the  nasal  cavity,  and  increase  in 
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depth  and  width  to  beneath  the  base  of  tin  horns,  where  thetr 
Tertical  extent  equals  that  of  the  cerebral  cavity  itself.  The 
exterior  table  of  the  skull,  thus  widely  separated  from  the  vitreous 
table,  18  supported  by  stout  bony  partitions,  extended  chiefly  in 
the  transTerse  direction,  and  with  an  oblique  and  wavy  course. 
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Two  of  the  most  remarkable  €i  these  bony  walls  are  placed  at  tiie 
front  and  back  part  of  the  base  of  the  horns,  interceptiii^  •  Ivge 
sinus  immediately  over  the  middle  of  the  cranial  cavity,  and 
from  a  third  and  larger  one  behind.  The  pre-sphenoidAl  ainoaei 
are  of  a  large  size.' 

The  chi^  peculiarity  in  the  skull  of  the  Deer-tribe  ia  the 
annual  developmenty  fiom  the  frontals,  of  the  8<^d  decidaons 
exostoses  which  senre  as  weapons  (fig.  326,  d,  b)  during  a  portioii 
of  the  year,  in  the  males  of  all  kindi  and  in  both  sexea  of  the 

Kein«deer.  Most  species  likewise 
show  vacuities  between  the  frontal, 
8,  nasal,  7,  maxillary,  2,  and  lacry- 
mal,  as  in  figs.  327  and  328.  The 
ba.se  of  the  zynroma  is  perforated 
by  a  vein  from  the  lateral  sinus. 

The  chief  peeuliarity  of  the  skull 
of  the  Elk  (Alces)  is  seen  in  the 
great  length  of  the  premaxillaries 
and  of  the  edentnlous  portion  of 
the  niaxillaries,  and  in  the  short- 
ness ami  breadth  of  the  nasal  b<»iies, 
which  do  not  join  the  premaxilla- 
ries. The  vomer  is  carinate  be* 
neath. 

In  the  Kein-deer  (  Tarandus)  the 
antlers  spring  from  within  an  inch 
of  the  superoccipital  crest,  and  the 
firontal  bones  are  proportion  ably 
extended  backward  on  each  side  of 
the  parietal,  in  which  the  sagittal 
suture  becomes  obliterated:  the 
frontal  suture  is  persistent,  and  is  complex  in  its  dentations  at  its 
posterior  half.  The  large  lacrymal  presents  two  canals  upon  its 
orbital  border  and  a  deep  oblong  depresrion  on  its  facial  surface, 
above  which  is  the  vacuity  leading  to  the  olfactory  chamber. 
The  premaxillaries  do  not  join  the  nasals.  In  the  Fallow-deer 
{Dama)  the  frontal  bones  do  not  extend  so  far  back  as  in  the 
Bein-de^r,  and  the  antlers,  in  consequence,  rise  at  a  greater 
distance  from  ihe  occipital  crest.  The  lacrymal  bone  has  two  per- 
forations at  its  outer  border,  and  its  facial  plate  is  nearly  equally 
divided  into  an  upper  convex  and  a  lower  concave  surfluse.  The 
antorbital  depressions  show  but  a  small  perforation,  if  any. 

>  XCTU*.  p.  885. 
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The  skull  of  the  Barking-deer  (  Cervus  Muntjak)  is  remarkable 
for  the  great  length  of  the  persistent  pedicles  (fig.  328,  c,  c) 
which  support  the  antlers,  and  which  are  coiitlniu'd  from  two 
strong  ridges  that  traverse  the  outer  side  of  the  fruutal  bune  from 
its  junc  tion  with  the  nasals.  The  1  aery iiuil  presents  a  deep  and 
well-marked  fossa,  anterior  to  which  is  the  antorbital  vacuity. 
The  sockets  uf  tlic  upper  canines  are  largely  developed  iu  the 
max  i  liar  iefl. 

In  all  iluminants,  and  especially  the  horned  kinds,  the  tem- 
poral fossae  are  small,  the  zygomatic  arches  weak,  ihe  coronoid 
processes  of  the  mandible  tig.  319,  //,  narrow,  the  base  of  the 
ascending  ramus  expanded;  in  short,  the  attaclnnents  of  the 
biting  muscle  are  restricted,  those  of  tlio  chewing  muscle  ex- 
panded. That  for  the  masseter  is  shown  bv  the  ridge  and 
fo8sa  continued  foru  unl  from  Uie  zygoma  below  the  orbit :  that 
for  tlie  '  fiterygnidei '  by  the 

backwardly  )  produced  and  329 
rounded  anj^le  ot"  the  lower 
jaw.  Tlie  exceptions  to  the 
edentulous  premaxillaries 
have  been  noted.  The  arti- 
cular surface  for  the  mandi- 
ble is  broad,  slightly  convex, 
with  a  jHistrri'ir  >t:iiu»'irciiiar 
channri  iK'un  lrd  by  a  ridge. 

Tlie  liyuid  arch  includes 
long,  comi)resse<l,  hammer- 
shaped  *  stylohyals,'  fig.  329, 
I,  having  at  their  |)romixal 
end  tlie  articular,  </,  and  muscular,  by  processes,  the  short  '  epi- 
hyals,'  2,  the  ceratohyalfl,  .1,  the  basihyal,  4,  and  thyrohyaU^  5; 
atta<*hc<l  to  posterior  angular  processes  of  the  basihyal. 

finncs'  of  the  TJmha, — ^ Artiodactyies  have  the  limbs  ter- 
minated )>y  feet  of  -4  ur  2  toes,  in  symmetrical  puird:  hut,  as  in 
c>th(»r  Ungulates,  almost  restricted  to  Womotive  function-^.  The 
1 1  ip|i<tj»otamu8  ami  tiie  Gazelle  manifot  in  the  even-toed  series 
analogous  extremes  in  the  j*ropurti<»ns  t»f  the  limbs,  as  do  the 
KhinorerfKs  and  Horse  in  tiie  Peri<'^odaetylc«.  'I  In-  hlade-bonc 
is  long  and  narrow:  Imt  the  spine  \<  more  commoidy  produced 
into  an  acmmial  angle  in  the  Artiodactylcs.  In  the  Ilippo- 
]>otamu<«,  iig.  3(^5,  this  angle  is  slightly  pmduced  :  the  curacoid 
is  reeiirved.  The  greater  tuberosity  of  the  hmneni'^  is  divided 
into  two  sttbequal  processea,  the  iimer  one  separated  by  a  deep 
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and  wide  bicipital  fossa  from  the  lower  inner  tuberosity.  The 
uhia  and  radius  liave  coalesced  at  their  extremities  ami  at 
the  middle  of  their  shaft,  the  interosseous  space  beingr  indicateij 
by  a  deep  groove  and  two  foramina.  The  trapezium  d<»e=si  n  <: 
support  any  digit :  of  the  other  four,  the  two  middle  onei^. 
answering  to  the  thin!  and  fourth,  are  most  developed. 

In  the  pelvis  the  ilia  expand  and  bend  outward  from  their 
gacral  attachments  almost  into  the  same  ])lane  with  the  broad  and 
flat  sacrum :  the  lumbo-iliac  angle  is  about  loU°.     The  iscduia, 
fig.  305,  63,  are  long  and  with  the  dorsal  angles  of  the  broad  and 
thick  tuberosities   j)roduced   toward  the  caudal    vertebra,  as 
in  other  Artiodactyles,  figs.  308  and  310.    The  ischio-puhic  ' 
symphysis  is  long  and  more  backward  than  in  the  Khinoceros ;  ' 
the  obturator  vacuities  are  large;  the  acetabula  look  downward  ' 
and  outward,  their  planes  being  about  50°  from  the  perpendicular. 
The  femur  has  a  straight  subcylindrical  shaft.    The  ctuial  for  the  i 
medullary  artery  commences  at  the  upper  and  fore  part  of  the  ' 
shaft.    The  fibula  is  distinct  from  the  tibia,  and  extends  from  its 
proximal  end  to  the  calcaneum.    The  internal  cuneiforme  is 
present  in  the  tarsus,  but  there  is  no  rudiment  of  the  innermost 
toe:  the  proportions  of  the  other  four  resemble  those  of  the  | 
fore-foot :  the  bones  of  die  hind  foot  are  noted  at  ppw  308,  309, 
and  figured  in  cut  193,  *  Hippopotamus.* 

In  tiie  Wild  Boar  (Sus  serofa)  the  spine  of  tiie  scapula  is  most 
developed  at  its  middle,  where  it  is  bent  back:  there  is  no 
acronuon.   The  ooraooid  is  a  low  tubercle :  the  glenoid  caTiiy  is 
nearly  circular.   The  humerus  has  an  intercondyloid  yacuity,  as 
in  the  Peccari ;  in  which  the  inner  division  of  the  great  tuberosity 
rises  above  the  head  of  the  bone,  higher  than  in  Sift.  The 
radius  and  ulna  are  distinct  in  Stu,  but  invariably  connected  by 
a  rough  longitudinally  grooved  sur&ce.    The  olecranon  is  large 
and  compressed:  tiie  distal  end  of  the  ulna  presents  a  sbmJI 
trochlear  surface  fOT  the  carpus  and  a  narrow  strip  for  tiie  radius. 
In  the  Peccari  the  radius  and  ulna  coalesce  tiiroughout  nearly 
their  whole  extent.    The  trapezium  and  pollex  are  not  present: 
the  *  index '  and  *  miminus  *  digits  are  small ;  the  *  medius  '  and 
*  annularis '  large,  and  chiefly  serviceable  in  progression. 

The  pelvis  is  longer  and  narrower,  relatively,  in  Suid(e  than  in 
the  Hippopotamus :  the  lumbo-iliac  angle  is  145°,  the  ilio-pubic 
angle  120°.  The  medullary  artery  of  the  femur  enters  the  fore 
part  of  its  up])er  tliird  and  the  canal  slopes  downward.  The 
tibia  and  fibila  are  distinct,  and  the  latter  f  ully  developed  in  both 
Sus  and  Dicotyles.    In  both,  the  symmetrical  pair,  wliicb  are 
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most  deTelopod  and  cbiefly  serviceable  in  progression^  answer  to 
the  third  and  fourth  (b'gits  of  the  pentadactjle  foot:  but  in  Sus 
the  homologues  of  the  fifth  and  second  are  present ;  whilst  in 
JDieotyles  the  fifth  as  well  as  the  first  toe  are  wanting  in  the  hind 
foot:  in  this  the  second  toe  is  snudl;  the  third  and  fourth  are  yery 
large,  and  form  a  symmetrical  pair,  showing  that  the  Artaodaetyle 
structure  essentially  prevails,  although  the  toes,  by  the  non* 
development  of  the  fiftti,  are,  exceptionally,  reduced  to  three  in 
number  in  the  hind  foot  of  tlie  Peccari« 

In  the  CameUdw,  iig.  306,  the  scapula  though  lougcr  than 
in  the  non-ruminant  Artiodactyles^  is  broader,  relatively,  than 
in  homed  Ruminanto :  its  spine  is  produced  into  a  short  pointed 
acromion:  the  coraooid  is  grooved  below,  or  sub-bifid.  The 
humerus  is  weaker  than  in  the  Ox,  stronger  than  in  the  Deer, 
longer  relatively  to  the  rest  of  the  limb  than  in  the  Giraflfe :  the 
great  tuberosity  does  not  rise  above  the  head :  the  ridge  upon 
the  outer  condyle  is  less  marked.  The  ulna  has  coalesced  with 
the  radius,  and  appears  to  be  represented  only  by  ita  proximal 
and  distal  extremities.  The  carpal  bones  have  the  same  number 
and  arrangement  as  in  ordinary  ruminants,  but  the  pisifonne  is 
proportionally  larger.  There  is  no  trace  of  the  digits  answering 
to  the  first,  second,  and  fifth  in  the  pentadactylc  foot :  the  meta- 
carpals of  those  answering  to  the  third  and  fourth  have  coalesced 
to  near  their  distal  extremities,  which  diverge  more  than  in  the 
ruminants,  giving  a  greater  spread  to  the  foot,  which  is  supjKjrted 
by  the  thret'  phalanges  of  each  of  those  digits.  The  last  phalanx 
deviates  most  from  the  ordinary  form,  l)y  its  smaller  projwrtional 
size,  rougher  surface,  ajid  less  reguhir  sliai)e :  it  supports,  in  fact, 
a  modified  claw  ratlier  than  a  hoof.  The  ilium,  in  proportion  to 
the  ischium,  is  lonirer  than  in  the  Hip|)opotanius.  In  the  femur, 
the  chief  de\  lutioii  from  the  ordinary  Kuniinant  type  is  seen  in  the 
]H»hition  of  the  orifice  of  the  aiual  f'nr  the  medullarv  artery,  which 
enters  the  back  j>art  of  the  middle  of  the  shaii,  and  inclines 
ubliijuely  upward.  The  fibula  is  represented  by  the  irregularly- 
shapctl  osfeicle  interlocked  between  the  outer  side  of  the  distal  end 
of  the  tibia  and  the  calcaneum.  The  scaphoid  is  not  continent 
with  the  cuboid  as  in  the  nonnal  Rniniaant:  the  rest  of  tlie  hind- 
foot  deviates  in  the  same  manner  and  tle^^ree  from  that  type,  as 
ducis  the  t«)re-f"not.  In  both  metacarpals  and  metal ar  ;ils,  notwith- 
standing the  intlniatr  Mending  of  the  two  bones  apparent  exter- 
nftlly,  their  medullary  cavities  are  distinct:  the  canal  of  the 
m«  lullary  artery  enter?*  the  back  ])art  of  each,  above  the  middle, 
and  ascends  obliquely  to  its  respective  cavity. 
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In  true  Kuminants  the  spine  of  the  Bciq>ula  is  not  producedj 
aB  in  CamelidcEy  but  terminates  in  an  acute  {fio*)  or  a  right 
angle  {Cervus):  the  Musks  and  Chevrotains  agree  with  the 
horned  families  in  this  character,  but  the  ooraooid  is  a  better 
defined  process  in  the  latter:  in  all,  the  scapula  is  a  long  slen- 
der triangle,  with  two  equal  or  subequal  sides,  the  infinspinal 
division  chiefly  expanding  to  the  base,  which  is  truncate  in  Bos, 
fig.  309»  Antilope  and  Cervus,  fig.  311  ;  but  rounded  off  at  the 

hinder  angle  in  CamelopardoHtr 
fig.  310 :  in  this  Ruminant  the 
rorvix  flcapnliB  is  unusiuUly  loi^. 
The  humerutf  fig*  330»  A,  is 
shorty  bat  stiong,  with  alightJj 
expanded  ends:  the  outer  ta* 
beiostly,  at  the  proximal  one, 
rises  ahoye  the  head  of  the  bone, 
and  boonds,  with  the  imier  ta- 
berositjt  a  deep  bicipital  grooTe: 
the  deltoid  crest,  i,  is  less  pro- 
minent than  in  the  Horse.  The 
diBtal  articaUur  end  presents 
three  prominences  answenng  to 
the  hollows  of  the  head  of  the 
radios,  the  internal  one  being 
the  broadest  and  lowest.  The 
supracondylar  ridges  are  but 
little  produced:  die  olecraaal 
fossa  is  deep,  and  perforated  in 
Musk-deer,  Chevrotaina,  and 
Miorotheres,  as  in  the  Hog* 
tribe.  In  the  Gnu  {AntHope 
Gnu)  the  humerus  is  as  long 
as  the  metacarpus:  in  the  Ox, 
fig.  309,  it  is  longer;  in  the 
Giraffe,  flg.  310,  and  Gazelle, 
fig.  330,  A,  it  is  shorter.  The 
radius,  fig.  330,  A,  2,  is  the  chief 
bone  uf  the  antibrachium  :  its  proximal  trochlear  SUlfaoe  C^Rns 
three  eminences  anil  as  many  depressions  to  the  humerus,  restiict- 
ing  the  movements  of  the  fore-leg  to  one  plane.  The  shaft  is 
slightly  bent  forward :  the  distal  end  is  moulded  to  the  irregularities 
of  the  carpus,  and  is  most  impressed  by  the  scapbcad,  especially 

'  XUV.  p.  605,  not.  3672  and  3673. 
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in  the  CheTrotaina*  The  chief  part  of  the  ulnay  ib.  3,  is  its  com- 
pressed olemnon :  the  slender  shaft  ma j  be  continued  to  the 
carpus,  aa  in  Moschidm,  most  Anteli>pesy  Sheep>  the  Elk,  the 
Bein-de^,  fig.  311,  the  Fallow-deer,  and  the  common  Ox.  In 
the  Chevrotains  it  longest  maintains  its  individuality:  in  the 
Musk-deer  and  Elk  the  diatal  extremity  coalesces  with  that  of 
the  radius ;  in  the  Bein*<leer  the  shaft,  also ;  in  the  Ox  this  is  so 
confluent  as  to  be  hardly  traceable  firom  the  olecranon  to  the 
styloid  extremity.  In  the  Giraffe  the  ulnar  shafl  is  interrupted 
at  its  lower  tliird,  but  the  distal  end  reappears,  as  the  *  styloid 
process/  but  is  connate  with  the  distal  epiphysis  of  the  radius. 
The  radius  and  ulna  are  so  interlocked  that  the  fore-foot  is  kept 

*  prone,'  or  with  the  surface  answering  to  *  palm ' 
turned  back  and  do^vnward :  there  is  a  narrow  cleft 
at  the  upper  part  of  their  line  of  union,  and  some- 
times a  teC'cond  lower  down.  In  the  earjms  the  usual 
four  bones  oi  tlic  proximal  row  rcniaiu  distinct:  in 
fig.  330,  A,  r,  4  is  *  scaphoides/  5  lunarc,  6  cuneiforme, 
7  pisifonnt? :  tlie  distal  row  consists  of  the  '  trapc- 
zoides,'  «,  in  siome,  and  in  all  of  the  *  magnum,*  8,  suj)- 
portingtlie  moiety  of  the  mctacarjial  answcrinfr  to  the 

*  third 'one  of  the  pentadactyle  fot>t,  and  iln  auri- 
forme,  9,  supporting  the  moiety  answerin;^  to  the 

*  fourth  '  metacaqjal.  These  metacarjtals  early  coa- 
lesce into  a  single  *  cajmon-bunc : '  hut  a  longitudinal 
secti'di,  as  in  fig.  331,'  shows  the  medullary  canal  of 
each  distinct,  in  Megacerm^  as  in  most  Kuiiiiiiants  ; 
in  a  few,  e.g.  the  Yak  {Bos  i/runnirns)  the  septum 
bco<uiic.^  partially  absorbed.^  Longitudinal  grooves 
at  the  fore  (fig.  330,  A,  lo)  and  back  part^  of  the 
cannon-bone,  with  antero-postcrior  [lerforations,  arc 
the  OTitward  signs  of  the  original  separation  :  they  are 
most  strongly  marke(i  in  the  Chevn. tains  (Tr/if/n/ttit);  and  the 
ftevcrance  persists  in  the  Water-Musk  {Ili/ri'/ninn  /ii/s )  as  in  the 
extinct  Dichudons,  Anoplothere??,  and  Microthcres.  Each  moiety 
of  the  eannon-bone  has  its  distini  l  distal  trochlea,  fiLf.  331,  rr.  A, 
which  is  traversed  by  a  median  ridge,  «•.  i'nnn  before  b:u  k\»iu  d.  i'o 
eaeh  iroehloa  articulates  a  pruxinial  j>liu].in.\,  fig.  330,  a,  n,  sup- 
IM>rling  a  middle,  i-i,  and  this  an  nne(|nal  jihalanx,  I'j,  i»f  a  triedral 
conical  shape,  muditicd  to  be  sheathed  in  a  hoof;  the unsymmetry 
of  each  la«»i  l  i  ing  such  as  to  form  a  s\  mnietrieal  pair.  They  re- 
semble the  siuuic  hoof  of  the  horse  cleft  in  twain  :  whence  the 
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Bummants  are  said  to  *  divide  the  hoof.*  In  the  Giraffe,  fig.  310, 
Antelope8>  fig.  330,  and  Deer,  fig«  311,  the  prozimal  phalanx  ia  longer 
than  the  next:  in  the  Ox  and  Musk-deer  the  difference  is  amall : 
in  the  Chevrotains,  they  are  more  nearly  of  the  same  length.  In 
the  Giraffe,  as  in  the  Camel-tiibe,  there  is  no  trace  of  other  toea : 
in  most  true  Ruminants  stunted  portions  of  them  are  suspended  tu 
the  back  part  of  the  distal  end  of  the  cannon-bone,  whence  dangle 
the  pair  of  '  spurious  hoofs,'  fig.  330,  b*  In  the  Bison  the  bones 
of  these  consbt  in  each  of  the  middle  and  distal  phalanges :  nnd 
there  b  a  styliform  representatiye  of  the  proximal  end  of  their 
respectiye  metacarpals  articulated,  in  the  fore-foot,  one  to  the 
connate  trapezoid,  die  other  to  the  unciform  and  cuneiform  bones.* 
In  Deer  the  spurious  hoofs  are  supported  bj  the  three  phalanges 
proper  to  the  second  and  fifth  digits,  and  by  a  atylifbrm  distal 
end  of  their  respective  metacarpals  with  the  point  upward :  these 
hooflets  are  laige  enough  in  die  Bein-deer,  fig.311,  to  nsefuUj 
increase  the  base  of  the  *  snowHshoe,'  formed  by  its  broad  hairy 
and  homy  foot,  with  the  advantage  of  their  collapse  as  the  foot  is 
withdrawn.  The  Moschus  mosekiferus  has  a  similar  bony  structure 
of  the  second  and  fifth  digits;  while  the  still  smaller  Chevro* 
tains,  like  the  embryos  of  larger  Buminants,  show  so  much  more 
of  the  generalised  foot-etructure  as  is  exemplified  by  the  ex- 
tension of  the  slender  metacarpak  of  those  'spurious  hoo6* 
from  them  to  the  carpus. 

The  OS  innoroinatum  is  elongate  with  the  iliac  portion  con- 
cave lengthwise,  convex  across,  externally,  with  the  expanded 
anterior  end  divided  by  a  ridge  into  the  portions  b  and  fig. 
332,  articulating  with  the  sacnun,  a,  and  rising  as  high  as^  or 
above,  the  sacral  v^pine :  the  portion,  c,  is  thickest  and  broadest 
in  the  heavier  Buminants :  the  iliuiu  juins  the  S]nne  at  an  angle 
of  about  145^  The  ischium  extends  back  from  the  acetabu- 
lum,  two^thirds  or  three»>fourtlis  the  length  of  the  ilium,  with 
the  tuberosity^  bending  upward:  the  tuberoeity  is  strength- 
ened  in  Deer,  Antelopes,  and  Oxen  by  a  ridge,  In  the 
male  Chevrotains  the  ischia  join  the  elongated  sacrum  by  (>«si> 
fications  of  the  sacrosciatic  ligaments,  but  in  the  females  the^ 
retain  their  normal  extensile  texture.  The  tendons  and  a}>o- 
neuroses  of  the  dorso-epinal  muscles  become  more  or  less  os!<ified 
by  age,  and  a  thin  roof  of  bone  may  thus  overarch  the  jM^h-is,  asi 
e.g.  in  Traffulut  javanieuM,  Tr.  Kanehil,^  &c.  The  puhics,/,  iirc 
slender :  they  converge  to  the  symphysis  at  an  iliopubic  angle  t»t' 
about  135*.  The  iliopectineal  spine  is  well  marked  in  j*miuc 
•  cxL.  I*.  31,  iig.  i>.  »  LXX1I  -.  p.  581,  no.  8498. 
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Deer.  In  the  Ox,  fig.  332,  the  symphysis  pnhis  is  placed  ob- 
liquely, so  as  to  cause  the  anterior  pelvic  opcniui^  to  be  loTiger 
than  the  posterior  one:  in  the  Deer,  fij^.  333,  the  svnipliysis  runs 
more  parallel  with  the  sacrum.  The  acetabula  are  carried  by  the 
length  of  the  ilia  opposite  the  last  sacral  vertebra,  at  the  apex  of 
the  wide  arch  of  the  os  innominatum  :  the  phme  of  the  aperture  is 
inclined  about  40^  fron»  the  perpendicular.  In  the  Cow,  near  the 
period  of  parturition,  the 
ischial  tuberosities,  by  the 
relaxation  of  the  ligaments 
and  >inking  of  the  sacrum, 
become  imue  protuberant 
than  at  other  times.  In 
the  (liraffe  the  posterior 
concavity  between  the 
ilium  and  iscliium,  as  in 
the  Deer,  fig.  333,  is 
scarcely  interrupted  by 
the  j)rominence  of  the  con- 
joineil  bones  above  the  acetabulum.  The  Harderian  groove  of 
the  acetabulum  ia  wide  and  deep,  and  breaks  through  the  border 
of  that  cup. 

The  hind-limb,  fig.  330,  B,  exceeds  the  fore-limb,  ib.  A,  in 
length  in  all  Ruminants  :  ^ 
least  so  in  the  Camelhla; 
and  (liraflTe,  most  so  in 
the  bounding  Deer  and 
Antelopes. 

The  femur  of  Kumi- 
nant.s,  ib.  n,  i,  as  of  r>thcr 
Artiinlactylcs,  has  n(» third 
trochanter ;  and  the  me- 
dullary artery  enters  the 
fore  part  of  the  shaft,  us- 
ually at  the  upper  third, 
and  goes  downward  and 
backward  to  the  medullary  cavity  :  the  antero-j)osterior  expanse 
of  the  distal  end  is  great,  especially  in  the  Giratle :  and  the 
inner  border  of  the  rotular  chaniud  is  more  produced  than  in  the 
1  log-tribe,  without  developing  an  irregular  prominence  as  in  the 
Pensso<lactyle8.  The  Cnrnditla;  offer  the  exception  in  the  position 
of  the  foramen  and  canal  of  the  medullary  artery,  and  in  the  sub- 
equal  development  of  the  borders  of  the  rotular  channel.  The 
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more  eztensiTe  and  favourable  attachment  of  accessory  fascicles. 
Each  toe  has  its  distinct  metacarpal  or  metatarsal.     The  digiti, 
especially  in  the  fore-Umb,  enjoy  ^eedom  of  motion  and  power  of 
redprocal  approrimatioii  Mid  divarication ;  the  termioal  phalanx  ii 
compressed  and  deep»  with  a  plate  of  Inme  reflected  forward  ham 
the  basal  periphery,  beyond  which  the  apex  of  the  phalanx  pro- 
jects like  a  peg  from  a  sheath :  the  claw  is  fixed  upon  the  pe^g,  ili 
base  being  firmly  wedged  into  the  interspace  between  the  peg  and 
the  sheath.    In  the  Feline^,  which  are  the  most  perfect  cami- 
▼orons  Unguicolates,  the  daw  phalanx  is  retractile.    The  foie> 
paw,8o  armed,  is  attadied  to  the  radius  and  ulnay  which  are  entire 
distanct,  and  strong  bones :  these  articulate  with  the  hamems  by 
a  joint,  which,  although  well  knit,  allows  both  fireedom  of  motion 
in  bending  and  extenuding,  and  also  a  redprocal  play  of  the  two  i 
bones,  the  radius  rotating  on  tlie  ulna,  and  carrying  with  it,  by  i 
the  greater  expanse  of  its  lower  end,  the  paw,  which  can  thus  be  | 
turned  *  prone  '  or  *  supine,*  whereby  its  efficacy  as  an  instrument  i 
for  seizing  and  tearing  is  enhanced.    The  humerus  has  strong  ^ 
ridges  from  the  outer  and  inner  sides  above  the  condyles  for  ex- 
tending the  origins  of  the  muscles  of  the  paw  ;  and,  to  defend  the 
main  nerve  and  artery  of  the  fore-leg  from  conipressioii  during  | 
the  action  uf  these  muscles,  a  bridge  of  bone  spans  across  them  in  ) 
the  feline,  and  some  other  Carnirord.     The  upper  end  of  the  j 
•humerus has  a  long  and  strong  deltoid  ridge;  but  the  tuberositie>  | 
do  not  project  beyond  tlie  round  head  of  the  bone  so  as  to  inipe<ie  j 
its  moN  enients  in  the  socket.     The  scapula  is  of  great  breadth, 
with  \vclI-<levcloj)ed  sj)ine,  acrouiiun,  and  coracoid.     A   sma/i  ^ 
clavicular  bone  is  interposed  in  most  Carnivora  between  a  muscle 
of  the  head  and  one  of  the  arm,  giving  additional  force  and  de- 
termination of  action  to  them.     Such  are  the  chief  modification? 
of  the  framework  of  the  uDguiculate  as  contrasted  with  the  ( 
ungulate  Gyrencephala. 

A.  Vertebral  Column, — This  part  of  the  skeleton  of  Carm*  ' 
vara  is  modified  in  relation  to  the  medium  of  life>  degree  of  caiv 
niyority,  and  modes  of  motion  of  the  species.   In  no  Carnivore 
do  cervical  vertebne  articulate  by  ball'-and-socket  joints ;  and  in 
all)  the  seventh  has  the  transverse  processes  imperforate^  consist  ' 
ing  only  of  diajx^physes.     The  Harp  Seal  {JPhoea  pmlandica, 
fig.  332)  has  15  dorsal,  d,  5  lumbar,  L,  4  sacral^  8,  and  8  ' 
caudaL    Ten  [)airs  of  ribs  directly  join  the  sternum^  which 
consists  of  eight  bones :  the  manubriumy  Mf,  is  much  producedi 
for  extending  the  fore-andnift  origins  of  the  pectoral  muscles.  The 
neural  arches  of  the  middle  dorsal  yertebne  are  slender,  learing 
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iride  interrals  of  the  neural  oanal.  The  bones  of  the  neck  are 
modified  to  allow  of  great  extent  and  freedom  of  infiection.  The 
perforated  transverse  processes  of  the  third  to  the  sixth  ceryicals 
inclusive  are  remarkable  for  ihe  distinctnesB  of  their  di-  and  pleur- 
apophysial  parts.  Metapophjses  are  developed  on  the  last  five 
dorsal  vertebne :  the  strong  hypapophysial  ridge  of  the  lumbar 
vertebrse  divides  into  two  tuberous  processes.  These  processes 
indicate  the  great  developement  of  the  anterior  vertebral  muscles, 
e.g.  the  '  longi  colli '  and '  psoas/  and  relate  to  the  important  share 
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which  the  vertebra?  ami  muscle^  of  tlio  trunk  take  in  tlie  loco- 
iiiutiun  itl'  the  Scal-trili«s  i  .-peciaily  wiien  on  dry  iwcid,  where  they 
shuffle  alonp      their  belly. 

In  the  Sterrink  or  Saw-toMiliod  >^i"A\  {  Sti  Hufhi/Tirhiis  st  i roi* »).-  j. 
with  15  dorsal,  5  lumbar,  3  ^acI'al,  and  11  caudal,  tlio  nieta|H>- 
physes  commence  as  tiil»iTrlp*sout?ifl<*  the  prezygapoplis -ir^  on  the 
second  dor8al,  are  distinct  un  tlir  :iiini  <i*>^^al.  pa-s  '»ri  tltf  fore 
part  of  thi'  diapoj)hy-l.><  in  the  t'niiniK  mihI  (  ((liiiuije  rin]iniental  an 
far  as  the  tenth  dorsal,  <»n  whi*-})  tlj- y  are  well  ami  diotinetly 
developed;  thev  n-jsnn  pass  upon  ilie  out>ide  of  the  prezTffajto- 
physis  in  the  elevcntli  and  twelfth  dorsals,  and  j*o  'oTitiniie 
thr<tUL'-!iout  the  lumbar,  sacral,  and  anterior  eandal  vertebnr. 
Tin*  unapophyses  arc  mere  rudunental  projeetions  from  the  back 
part  t»f  the  diapopliysis.  The  transverse  jiroeesses  of  the  axis  are 
more  d('v»  lu]ie<i  than  in  the  IViora  f/ra nlnv<lirii  ;  they  show  as 
distinctly  as  in  the  other  eervicals,  but  on  a  nnialler  si^ale,  the 
pleur-  and  di-apophysiai  parts  of  the  process.    The  cervical  and 
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anterior  dorsal  vertebra?  have  a  hypapophysial  ridge,  which,  in 
the  latter,  is  produced  into  a  tuberosity :  the  lumbar  vertebra 
are  characterizetl  by  a  pair  of  hypapophyses  from  near  the  hinder 
end  of  the  centrum.  The  eared  Seals  have  the  same  vertebnJ 
formula :  the  anterior  sacral  vertebra;  arc  narrow. 

The  Walrus  ( Trichecus  Bosmarns),  like  the  Otter,  ha^  U 
dorsal  and  6  lumbar  vertebra;.  Nine  pairs  of  ribs  directly  join  the 
sternum,  which  consists  of  eight  bones.  The  anterior  sacral: 
have  greater  relative  breadth  than  in  Phoca  or  Otaria  :  ad  ia 
true  Seals  the  tail  is  short,  with  9  or  10  vertebrae. 

In  the  Bear-tribe,  as  in  the  Seal-tribe,  the  number  of  true 
vertebrae  is  27,  as  a  rule,  and  14  of  these  usually  bear  movable 
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ribs;  but  1  have  seen  15  'dorsal'  vertebra;  in  Ursus  maritimms, 
fig.  3.S3,  and  in  U.  lahintuSf  the  latter  having  5  lumbar  instead  of 
6,  which  is  the  common  number.  Nine  pairs  of  ribs  articulate 
directly  with  the  sternum,  which  consists  of  eight  bones,  \s\\h  a 
xiphoid  appendage.  The  manubrium  is  truncate  anteriorly.  The 
number  of  anchvlosed  sacral  vertebra;  mav  vary  from  5  to  7,  that 
of  the  caudal  vertel)ne  rarely  exceeds  10.  The  met-  and  an- 
ajKiphyses  are  distinct  on  the  twelfth  dorsal,  diverge  and  increa.*** 
on  the  succeeding  dorsals,  the  metapophyses  continuing  throughout 
the  hunbar  series  ;  the  ana|Kiphyses,  after  undcrlapping  the  pn>- 
zygapoj)hyses  of  the  first  and  second  lumbar,  rapidly  subside. 
The  neural  spines  are  better  deveh>pcd  than  in  the  Seal-tril>e, 
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but  do  Dot  indie  ;it  '  n  centre  of  motion,  save  in  the  smaller  and 
more  active  snVun^iiies.  In  the  Racoon  they  converjie  to  the 
twell'th  <l*'rsal :  tl»e  cauflal  vertehrre,  16  in  thU  planti^^rnHo  and  18 
in  tlie  iiadgcr,  increase  to  31  in  number  iu  the  Kinkajou,  Avhere 
the  tail  is  jMchensile,  >vhencc  the  name  Cercoieptes  caudivol- 
vti/ifs.  The  Hentnron^;  iArtictis)  ha«  n  similar  caudal  develope- 
mcnt,  with  luemal  uflu'^  on  the  ten  anterior  vertebrnpi.  In  tlic 
last  five  cervical  rein  linc  of  the  Katel  the  neural  arclies  are 
longer  than  tlu^  centrums  and  overlap  each  (»ther  in  an  imbricated 
manner,  givin<j  trreat  strength  to  the  articnlations  of  this  part  of 
the  vertebral  cuhuan.  The  number  of  dorsal  vei'tcbrae  is  15,  as 
iu  Mt/datffi  and  Mehs,  with  .5  lumbar  ones. 

In  the  more  digitiLn-ade  Mustelines,  the  Sable  {Mustcla  zibeU 
Una)  has  14  dorsal,  fi  iuml)ar»  3  sacral,  and  IH  caudal.  The  eleventh 
dorsal  vertel)ra  is  that  toward  which  the  opines  of  the  other 
trunk-verte))ra^  converge.  The  anapophyses  hepj^in  to  he  de- 
velojied  npon  tlie  ninth  dorsal,  and  are  (M)ntinned  to  the  ]iennlti- 
raatc  lumbar  vertebra.  T(ni  ])airs  of  ribs  directly  jo!Ti  the 
sternum,  v.hirh  consist*!  of  nine  bones,  \vith  a  xiplioid  rartilajj;e. 
In  the  Ermine  ( Fiitnriux  rrniiftf/is),  with  ri  «iuiilar  vertebral 
formula,  th«>  spines  uf  the  tenth  and  eleventii  dorsal  vertebrae 
converge  towards  each  other  and  almost  meet,  indicating  the 
centre  of  mixtion  of  the  trunk.  Ten  pairs  of  ribs  dire<Mlv  join  the 
sternum.  l  lie  neck  is  strengthened  by  the  overlapping  of  the 
costal  ]iarts  of  the  transverse  processes  of  the  third  to  the  sixth 
cervical  \ertebraj.  Some  of  the  anterior  caudal  vertebne  have 
hiema|>ophyses.  The  Otter  i  Lutrn  vitlfjnris)  has  25  or  26  caudal 
vertebra*.  Ten  jtairs  of  ribs  directly  join  the  sternum,  which 
consists  of  nine  bones  and  an  ensiform  cartilage.  The  spine  of 
the  eleventh  dor.^al  vertebra  is  vertical,  and  those  before  and  be- 
hind it  converge  towards  it.  The  metapophyses  ])egin  to  be 
developed  on  the  twelfth  dorsal  vertebra,  and  are  continued 
throughout  the  lumbar  scries;  they  are  low  and  obtuse.  The 
anapophyses  comineni  e  at  the  eleventh  vertebra,  and  are  con- 
tinued to  the  penultimate  lumbar.  The  spines  of  the  three  sacral 
vertebr«e  have  coalesced  to  form  a  vertical  crista.  1 1 ^emapophyses 
are  developed  beneath  several  of  the  anterior  caudal  vertebne ; 
they  arc  articulated,  and  some  of  them  become  aochylofled  to 
short  hy[>aiK>ph78es  or  exogenooB  processes  from  the  under  and 
fore  part  of  the  centrum,  and  then  are  continued  in  several  of  the 
BUGoeeding  vertebra,  which  have  not  the  haemal  arch  complete. 
The  neural  arch  is  incomplete  beyond  the  eighth  caudal  vertebra. 
The  entire  tail  is  longer  and  much  stronger  than  in  the  terrestrial 
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MuMidm :  it  is  the  chief  oigan  in  regulating  the  course  of  tkt 
Otter  through  the  water. 

In  the  Civet  (  Viverra  ctveUa)  the  transyerse  processes  of  Ihe 
atlas  have  a  more  extensiye  origin  than  in  the  Otter,  and  are  per- 
forated both  horisontallj  and  vertically  by  the  yertebral  arten 
before  it  pierces  the  neural  arch.  In  the  axis  the  median  infenop 
ridge,  and  the  two  lateral  ones  continued  upon  the  transvcne 
procesjses,  arc  longer,  deeper,  and  sharper  than  in  <2ie  Otter. 
Certain  Vivcrrines,  e.g.  the  Palin-cats  iParadoxurus)  have  the 
tail  organised  for  prehension,  including  iij  nn  ards  of  30  joints,  with 
hiemul  arches  beneath  the  interspaces  oi  the  lirst  eight  or  ten. 
The  proz)  gajxiphysia  of  one  lumbar  vertebra  is  received  into  tlie 
interspace  between  the  post7yt!:a|ioji]iysiH  and  the  anapophysis  of 
the  antecedent  vertehra  :  this  interlocking  which  coiiiiiienced  m 
the  j)hinti!i-ra(le  find  Tiiusieline  Carnivora,  is  continued  in  the  pre- 
sent (viveirine^  uikI  >uhrtef|uent  families. 

Among  the  Canuhv  the  AVolf  ( Canis  lupus),  lias  1  3  durijal, 
7  lumbar,  3  sacral,  and  1 5  caudal.  Eight  pairs  of  ribs  articulate 
directly  with  the  sternum,  which  consists  of  eicrht  bones.  The 
eleventh  dorsal  vertebra  is  that  towards  which  the  spines  of  the 
other  trunk-vertebrae  converge.  Metapophyses  begin  to  be  de- 
veloped on  the  eighth  dorsal,  and  are  continued  to  the  fonrtii 
lumbar  vertebra. 

The  Dog  agrees  with  the  Wolf  in  vertebral  characters. 

In  a  Fox  (Canis  rt/^tui)  the  vertebral  formula  is  the  same, 
save  that  the  tail-joints  are  more  slender  and  numerous,  being  22. 
A  few  of  the  anterior  caudal  vertebrae  have  htemapophyses :  ihit 
supporting  processes  or  '  hypapophyses  *  are  developed  from  a 
greater  number.  The  sacrum  is  remarkable  for  its  sudden  dioih 
nution  of  size,  as  compared  wnth  the  lumbar  vertcbrsc,  and  only 
tlie  first  sacral  vertebra  articulates  directly  with  the  iliac  bones. 

The  Hysenas  have  15  dorsal  and  5  lumbar  vertehne :  the  striped 
land  (IT.  wdgarU)  has  3  sacral  and  23  caudal :  the  spotted  Idncl 
(IT.  €roeuta)  has  4  sacral  and  but  16  or  18  caudal.  Eight  paiit 
of  ribs  articulate  directly  with  the  sternum,  which  conaistB  d 
eight  hones.  The  transverse  processes  of  the  atlas  are  perfoiatid 
longitudinally  and  vertically  by  the  vertebral  artery  before  tliifl 
perforates  the  neural  aroh.  The  strong  spine  of  the  axis  is  bifid 
posteriorly.  The  convergence  of  the  dorso-lumbar  spines  towards 
tiiat  of  the  thirteenth  dorsal  is  feeble  compared  with  other  Cai^ 
nivora.  An  apophyses  begin  to  be  developed  on  the  thirteoith 
dorsal  and  subside  on  the  penultunate  lumbar  vertebra. 

The  Lion  (jpe/u  leoy  %.  337)  has  13  dorsal*  7  lumbar*  3  sacnl, 
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and  23-25  candal  yertebro.  The  spine  of  the  axis  has  great 
height,  length,  and  posterior  breadth,  arching  forward  and  back- 
ward, overlapping  the  third,  of  which  the  spine  is  obsolete;  that 
oi'  the  fourth  is  short  and  vertical,  indicating  a  centre  of  lihe  motions 
of  the  neck.  The  anterior  dorsal  spines  are  lofty  and  strong,  for 
the  origin  of  muscles  implanted  in  the  ridged  and  pitted  back 
part  of  the  skull,  whereby  the  head  can  be  raised  together  with 
the  prey  which  the  jaws  have  seized :  a  Lion  thus  draws  along 
the  carcase  of  a  Buffalo,  and  can  with  ease  raise  and  bear  off  the 
body  of  a  man.     The  eleventh  dorsal  is  that  toward  which  the 
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ppines  of  the  other  trunk-vertebras  converge:  the  anapophyses 
begin  to  project  backwanl  from  this  vertebra,  and  are  continued 
to  the  penultimate  lumbar.  Eight  pairs  of  ribs  directly  join  the 
sternum,  which  consists  of  eight  bones.  The  lumbar  diajtophyses 
arc  long  and  antroverted.  The  tail  is  the  chief  seat  of  variety 
in  the  vertebral  column  of  the  feline  group.  The  Lynx  (F, 
Lynx)  e.g.  has  the  number  of  caudal  vertebra^  reduced  to  15. 
In  a  tailless  variety  of  domestic  cat  a  stunted  mass  of  4  or  5 
coalesced  caudals  has  become  b<Teditary. 

The  carnivorous  unguiculate  do  not,  like  the  herbivorous  ungu- 
late Gyrencephala,  show  two  series  by  numerical  characters  of 
trunk-vcrtebnc ;  the  constancy  of  twenty  dorso-lumbars  is  re- 
markable and  significant;  the  exceptions  are  not  only  rare,  but 
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abnormal.  Where  the  trunk  is  lithe  and  subject  to  varied  a&j 
agile  turns  and  bends,  the  number  of  pairs  of  free  elongate  pleur- 
ai>ophy8es  is  small,  and  that  of  the  vertebrae  wanting  them  great: 
thus  the  springing  Cats,  the  swift-footed  Dogs  and  Foxes,  the 
climbing  Benturong, have  13  dorsal  and  7  lumbar:  the  Viverrint? 
and  ^lustelines  commonly  show  14  dorsal  and  6  lumbar;  ih^ 
stiffer-trunked  Hyajnas,  Bears,  and  Seals  have  15  dorsals  and 
5  lumbar  :  and  mostly,  where  an  exceptional  excess  occurs  in  any 
of  these  groups  in  one  series  of  vertebra?,  it  is  balanced  by  as 
exceptional  a  deficiency  in  the  other  series. 

B.  Skull. — In  the  Harp  Seal  (Phoca  grcenlajiflica)  the  ba^i- 
occipital  is  a  thin  plate,  and  shows  a  vacuity  in  front  of  the 
foramen  magnum :  it  early  coalesces  with  the  basisphenoid :  the 
paroccipital  is  small,  subretroverted :  the  mastoid  large,  swolJeo, 
not  prominent.  The  frontal,  fig.  338,  ii,  gives  its  larger  proportion 
to  the  orbital  and  olfactory  chambers.  In  the  latter  the  confluem 
]>refrontals  and  vomer  form  an  extensive  bony  septum  between 
the  meatuses  which  are  blocked  up  anteriorly  by  the  complei 
turbinals.    Both  the  tentorium  and  posterior  part  of  the  falx  are 
ossified.    The  shallow  *  sella '  has  overhanging  posterior  cHnoid 
processes.    The  petrosal  is  perforated  by  the  entocarotid  and 
impressed  by  a  deep  transverse  cerebellar  fossa.    The  tympank 
forms  a  *  bulla.'    The  meatal  portion  of  the  tympanic  is  s/ightiv 
bent  and  directs  the  external  auditory  aperture  obliquely  forwanl 
and  upward.    The  squamosal  has  a  small  cranial  plate,     and  a 

large  thick  zygomatic  pn>- 
cess,  27,  with   rises  at  its 
junction  with  the  malar, 
to  partially  define  the  orbit 
posteriorly. 

The  seals,  like  other  car- 
nivora,  have  the  orbit,  «, 
incomplete  behind,  and  con- 

8k«iiof.s<«nf*<«a).  tinuous  with  a  large  tem- 

poral fossa ;  the  nasals,  15, 
are  short,  and  the  nostril  looks  more  or  less  upward,  in  refer- 
ence to  their  common  sojourn  in  water  and  the  necessity  of 
rising  to  the  surface  to  breathe.  The  condyle  is  the  hindmost 
part  of  the  mandible. 

In  the  Grey  Seal  {Ilalichcerus  griscus)  the  skull  is  remarkable 
for  the  straightness  of  its  upper  contour  and  the  sudden  ben<liiig 
down  of  the  equally  straight  line  formed  by  the  deep  and  narrow 
prcmaxillaries.    There  is  a  deep  depression  in  the  superoccipit«l> 
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overarched  by  a  thickly-developed  occipital  ridprc;  the  squamosal 
and  malar  rise  abruptly  at  their  jimctioii  at  the  middle  of  tlie 
zygoma.  The  acoustic  bulhi  receives  the  meatus  auditx>rius  by 
an  ex])aiided  and  oblique  opeuing.  The  oUaetory  fossae  enntain, 
as  in  all  Seals,  larjye  and  complex  turbiiud  bones.  The  bony 
palate  is  terminated  behind  l)y  a  semiein  notch. 

In  the  INIonk  Seal  (  Pdayius  ntojKichus)  the  upper  contour  of 
the  skull  presents  a  sigmoid  curve.  The  tenq)oral  ridges  meet, 
and  form  a  low  sagittal  crest  over  the  jxisterior  hall'  of  the 
frontals  and  parletals.  The  uj)|)er  jaw  is  much  less  deep  tlian  in 
the  IJalichcerus,  the  canines  are  relatively  larger  and  the  nasal 
bones  are  much  shorter.  The  entocarotid  caiuil  perforates  the 
back  part  of  the  jietrosal  as  in  the  Phnrn  qrrvnlandica  i  tlie  ecto- 
carotid  does  not  pierce  the  pterygoid  ])rocess. 

Tn  the  Stcrrinks  (Sfcnor/n/nc/tus)  the  -knll    is   longer,  more 
*  canine  '  in  the  proportions  of  jaws  to  cranium,  than  in  other 
Seals.    The  malar  is  long  and  plender,  defining  the  orbit  below : 
a  lacrymal  process  of  the  maxillary  projects  from  the  anterior 
rim.    The  basis  crauii  is  long  and  narrow  in  Stenorhtfncw  lept" 
onyx.    In  the  saw-toothed  Sterrink  {Stenarhi/nchi^  wrndttu) 
the  facial  part  tapers  more  gradually  tlian  in  the  Stenorkt/nehut 
leptonyx.   The  paroccipitals  are  small^  but  distiucL    The  pe- 
trosals are  perforated  posteriorly  for  the  entocarotids ;  the 
pterygoid  processes  are  imperforate.    The  temporal  ridges  meet 
upon  the  sagittal  suture,  but  do  not  develope  a  crista.  The  malar 
bones  are  slender,  strongly  curved,  bifurcate  posteriorly,  the 
upper  prong  rising  to  form,  with  the  zygomatic  process  of  the 
squamosal,  the  postorbital  boundary.    There  is  no  corresponding 
process  from  the  frontal.   The  antorbital  process  of  the  maxillary 
is  small,  but  distinct.    The  premaxillaries  are  narrow  and  slender^ 
but  do  not  reach  the  nasals.    The  posterior  border  of  the  bony 
pakte  is  terminated  by  a  deep  semi-elliptic  notch.    A  single 
superoocipital  venous  canal  opens,  in  Stm.  leptwyx^  mthin  the 
border  of  the  foramen  magnum.    The  basioccipital  shows  two 
depressions.    The  seUa  turcica  is  yery  shallow,  and  is  de0ned 
only  by  a  posterior  dinoid  ridge,  between  which  and  the  platform 
for  the  optic  chiasma  there  is  a  long  tract.   The  petrosals  termi- 
nate by  obtuse  subdepressed  apices.  The  foramina  laoera  anteriora 
are  of  unusual  siae,  and  appear  to  include  the  foramina  rotunda: 
there  is  no  ridge  indicating  the  division  between  the  anterior  and 
middle  lobes  of  the  cerebrum*  The  rhinencephalic  fosse  are  small, 
but  deep  and  well  defined,  and  completely  divided  by  a  broad  and 
thick  crista  galH. 
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In  the  Ursine  Seal  (Arctocephalus  aijstrah's^  the  border  of 
the  superoccipital,  forming  the  iipj)er  part  of  the  foramen  ma^r- 
num,  shows  the  orifices  of  two  venous  sinuses.  The  posteri^-r 
border  of  the  hony  palate  has  an  angular  notch.  The  pterygow 
processes  are  pierced  for  the  ectocarotids.  The  frontal  develope 
a  superorbital  plate.  The  mastoid  projects  free  of  the  tymj>anic 
The  olfactory  chambers  extend  backward  exterior  to  the  rliinen- 
cephalic  fossa. 

In  the  Hooded  Seal  {Ci/stophora  cristata),  the  thin  basioccipital 
shows  a  small  vacuity.     The  superoccipital  inclines  from  below 
upward  and  fonvard.     The  temporal  cristaj  have  not  met  above 
the  parietals.    The  premaxillaries  do  not  reach  the  nasals :  tJiey 
form  with  the  maxillaries  an  antorbital  prominence.    In  the  ^reat 
Proboscis- Seal,  or  Se^ir Elephant  {Ci/stophora  proboscidea),  the 
occipital  condyles  meet  upon  the  basioccipital :   the  paroccipital* 
are  less  prominent  than  in  the  Cystnphora  cristata.    Traces  of  the 
suture  between  the  basisphenoid  and  the  basioccipital  and  between 
the  basisphenoid  and  presphenoid  long  remain.     The  entocarotid 
canals  at  the  back  jmrt  of  the  petrosals  arc  very  conspicuous: 
there  are  ng  ectocarotid  canals.     The  sagittal  crista  is  feel)ly  in- 
dicated, but  the  occipital  crest  is  consjjicuous  for  its  great  height 
and  thickness;  the  lower  border  of  the  superoccipital  presents 
two  vertical  venous  perforations,  which  are  likewnse  present  in  the 
Cystophora  cristata.     The  tentorium  is  less  ossified  than  in  the 
Otaria  leoninn.    The  walls  of  the  cranium  formed  by  the  parietal? 
are  thick  with  a  coarse  diploe :  a  very  small  j)roportion  of  the 
squamosals  enters  into  the  fonnation  of  those  walls  :  the  mastoid 
has  a  dense  structure  where  it  coalesces  with  the  base  of  the  zygo- 
matic process.     Two  vertical  venous  sinuses  terminate  above 
the  foramen  magnum :   the  basioccipital  is  also  perforated  by  a 
similar  venous  sinus  near  its  middle  part.     The  petrosal  is  ex- 
cavated by  a  deep  but  narrow  cerebellar  fossa;  a  long  groove  or 
notch   ujx)n  its  upper  surface  leads  to  the  meatus  auditorius 
internus ;  the  petrosal  is,  as  it  were,  bent  upwards  upon  this 
groove.     The  tympanic  bulla  supports  the  under  part  of  the 
petrosal  like  a  caj)8ule.    The  tympanic  cavity  is  divided  into  two 
chambers,  one  above  the  tennination  of  the  meatus  extemus,  the 
other  beneath  and  internal  to  it.     The  carotid  canal  perforates 
the  tympanic  internal  to  this  part  of  the  chamber.    The  Eus- 
tachian groove  commences  from  the  angle  between  the  supra- 
and  infra-meatal  divisions,  and  grows  deeper  and  wider  until 
it  forms  the  canal  at  the  fore  part  of  the  tympanic  bone.  The 
rhinencephalic  fossa  is  divided  by  a  strong  and  sharp  crista 
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phalli.  The  frontal  bones  form  an  unusually  small  proportion  of 
the  crauial  cavity:  they  are  extensively  ovcriap]ied  posteriorly 
by  the  parietals.  Besides  its  superior  size,  the  sknll  of  Cysto- 
phura  pj'ohoitvidea  dili'ers  iiuin  that  of  the  (  %/stophora  cristata  in 
the  form  and  pruiwrtions  of  the  palatine  bones,  the  ix)8terior 
borders  of  which  present  three  notches ;  in  the  relatively  shorter 
extent  of  the  nasal  processes  ol*  the  premaxillaries ;  in  the  greater 
prominence  of  the  antorbital  processes  of  the  maxillaries  ;  and  the 
absence  of  the  depression  beneath  the  antorbital  foramen.  In 
the  skull  of  a  young  Proboscis- Seal  J  Imve  seen  traces  of  a  suture 
partially  dividing  the  orbital  from  the  rostral  part  of  the  maxillary, 
extending  from  the  side  of  the  nasal  aperture  into  the  antorbital 
foramen  :  this  incompletely  separated  part  miirht  be  compared  with 
a  large  hicrymal.  but  there  ia  no  trace  of  a  iUstinct  bone  or  of  any 
lacrymal  perforation. 

In  the  *  Sea- Li  on  *  {Otaria  jiilxitu)  the  siijx  roceipital  is  broader 
and  more  nearly  vertical  than  in  the  preceding  species  of  Seal :  tin; 
basioccipital  is  carinate  below ;  tlie  paroceii)itals  form  an  obtuse 
an«jle,  but  are  less  prominent  than  the  large  mastoids.  The 
]>ct!M<als  and  tympanies  are  not  expanded  into  a  bulla  ossea,  but 
Bend  down  a  sul)comprcssed  smooth  tuberosity  :  tlie  entocarotid 
pierces  the  petrosal.  The  pterygoids  are  pierced  by  the  ecto- 
carotida.  11k  bony  (lalate  is  very  long,  and  remarkably  concave, 
from  the  bending  down  of  its  sides :  its  posterior  border  is  trans- 
versely truncate.  The  sagittal  and  occipital  cristie  are  siiigularly 
elevatefl.  Kach  frontal  sends  out  an  obtuse  process  near  it*i 
jnnctinn  \v\\h  the  parietal,  into  the  middle  of  tlie  extensive  tem- 
]).  I  ll  lossa.  and  each  de^  olnpps  large,  horizontal,  triangular,  post- 
orbital  ])roce9ses.  In  old  males,  the  parietal  also  sends  out  a 
ridge,  niid  the  great  temporal  muscle  seems  thus  to  have  been 
divided  into  three  masses  :  there  is  a  ridge  from  the  inner  side  of 
the  parietal,  dividing  the  mitldle  from  the  anterior  lobe  of  the 
cerebrum,  parallel  with  the  external  ridge  projecting  into  the 
tem|X)ral  fossa.  The  maxillaries  develnpo  aiitorbitn!  processes. 
The  na.«*als  are  short  and  broad,  and  articulate  with  the  pre- 
maxillaries as  well  as  the  maxillaries. 

The  jjosterior  part  of  the  falx  and  the  whole  of  the  tentorium 
we  ossified.  The  superoccipital  sinus,  commencing  by  a  eonnnon 
aperture  at  the  hinder  extremity  of  the  longitudinal  sinus,  diverges 
on  each  side  into  the  sulwtance  of  the  exoccipitals,  and  terminates 
in  a  deep  and  wide  fossa  on  the  inner  side  of  the  condyle,  from 
which  fossa  one  canal  leads  backward  to  open  external  to  the 
condyle,  and  another  downward  and  inward  to  tenninate  in  the 
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foramen  jugulare.  The  bony  tentorium  terminates  anterior  to 
the  petrosal,  which  has  an  obtuse  expanded  inner  apex,  and  show* 
no  petrosal  pit.  There  is  no  Gasserian  fossa,  A  ridge  divides 
the  foramen  ovale  from  the  foramen  rotundum.  The  sella  turcica 
is  broad  and  shallow :  it  is  defined  by  posterior  clinoid  processes : 
there  are  no  anterior  ones.  The  rhinencephalic  fossa  is  narrow, 
but  of  unusual  longitudinal  extent :  the  optic  nerves  traverse  a 
common  canal  of  nearly  an  inch  in  extent  before  it  divides.  The 
ascending  plates  from  the  palatine  processes  of  the  maxillary  form 
a  deep  groove  for  the  reception  of  the  vomer.  The  superior 
turbinals  occupy  that  part  of  the  olfactory  fossa  which  overarches 
the  rhinencephalic  chamber:  this  is  divided  by  a  broad  cristi 
gallL  A  large  oblong  vacuity  at  the  outer  and  posterior  side 
of  the  nasal  passages  between  the  frontal,  presphenoid,  pala- 
tine and  maxillary  bones,  is  closed  by  membrane  in  the  recent 
animal.  There  is  a  smaller  vacuity  in  the  corresponding  part  of 
the  skulls  of  some  other  species  of  Seals. 

In  all  Seals,  the  convex  mandibular  condyle  is  transversely  ex- 
tended, terminal,  the  border  of  the  jaw  extending  from  below  the 
condyle  forward,  and  rarely  developing  an  angle :  this  is  best 
marked  in  Plioca  (/roenlandica  :  in  Oturia  it  seems  to  project 
just  below  the  condyle. 

The  hyoid  arch  consists  of  stylo-  epi-  and  cerato-hyals,  and  of  i 
basi-hyal  in  form  of  a  transverse  bar,  with  a  pair  of  thyro-hyals: 
the  stylo- by als  are  attached  by  ligament  to  the  outer  side  of  the 
petrosals. 

In  the  Walrus  {Tnchcnts  rosmarus^  fig.  339),  the  basioccipita) 
is  subcarinate  below.  The  superoccipital,  3,  inclines  a  little  up- 
ward and  forward,  is  di^^ded  by  a  median  crista,  and  is  bounded 
above  by  a  broad  rugged  tract.  The  venous  fossa  on  the  inner 
side  of  the  condyles  is  divided  by  a  bony  bar.  There  is  a  wide 
sphenopalatine  vacuity.  The  paroccipitals  are  broad,  but  not 
very  prominent :  the  hinder  surface  of  the  skull  is  much  ex- 
tended laterally  by  the  great  development  of  the  mastoids,  8. 
The  alisphcnoid  is  excluded  from  the  parietal,  7,  by  the  junction 
of  a  small  part  of  the  frontal,  ii,  with  the  squamosal,  27.  There 
is  no  trace  of  a  lacrymal  bone,  but  a  small  elliptical  canal  i)er- 
forates  the  base  of  the  antorbital  process  of  the  frontal  slightly 
upwards.  The  zygomatic  process  of  the  squamosal  is  remarkably 
thick.  The  malar  sends  up  a  lofty  postorbital  process,  but  there 
is  none  on  the  frontal;  the  maxillary,  21,  developes  a  large  but 
low  sub- bifid  antorbital  process :  it  is  perforated  by  a  large  ant- 
orbital foramen,  and  excavated  by  a  large  and  deep  socket  for  the 
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canine  tusk.    The  ])rcmaxillano.^,  22,  are  minute.    There  is  a 
lar^re  oval  vacuity  in  the  lateral  wall  of  the  posterior  iinros.  The 
skull  Ih  singularly  expanded,  short,  obtuse,  and,  fis  it  wwc,  trun- 
c^ated  anteriorly ;  and,  beinjr  cfniptrlcted  between  the  orbit.s,  the 
upper  Biirface  presents  an  hour-^las.s  foiin.    The  parietes  of  the 
eramuni  are  tliick  and  demies  with  a  diploe,  gradually  degene- 
ratinrr  into  a  coarse  cellular  texture,  in  the  enormous  mastoids. 
Tlu»  tentorium  is  bony,  the  sella  turcica  large  and  shallow,  with 
anterior  and  posterior  clinoid  processes,  and  the  crista  gaifi  ia 
|>rominent.    The  petrosal  terminates  below  in  three  obtuse  prcK 
cesses,  but  there  is  no  bulla  ossea.    The  pterygoid  process  is  per- 
forated by  the  ectocarotid.    The  bony  roof  of  the  palate  is  very 
concave  towards  the  mouth,  and  terminates  behind  by  a  broad 
biaagular  notch.    The  tympanic  cavities  are  smooth,  and  almost 
hemispheric :  the  antorbital  canal  is  large :  the  nasal  fossas  con- 
tract as  they  pass  forwaxd  to  the  vertical  external  nostril.  The 
OBseouB  part  of  the  Frptinn  narinm  is  formed  by  the  canaliculate 
vomer  and  the  coalesced  plates  of  the  prefrontals,  dividing  the 
posterior  halves  of  the  olfactory  chamber.    The  lateral  sinuses 
are  completely  surrounded  by  bone.    A  vein  perforates  the  back 
part  of  the  parietals  and  tcorminates  in  the  longitudinal  sinus. 
The  bony  tentorium  terminates  above  the  base  of  the  petrosal ;  a 
thick,  smooth  ridge  enters  the  lower  half  of  the  fissure  between 
the  anterior  and  posterior  cerebral  lobes.   A  similar  but  shorter 
ridge  from  the  inner  side  of  the  frontal  more  completely  defines 
the  rhinencephalio  chamber :  an  elliptic  foramen  leads  from  the 
lower  and  outer  comer  of  this  fossa  into  the  back  part  of  the 
orbit  between  the  orbitosphenoids  and 
ftontals.  The  mandible,  sa,  articulates 
by  a  thicker  condyle  than  in  true 
Seals :  it  is  terminal :  the  feeble  angle 
slopes  forward  from  it;  the  coronoid 
is  oblique  and  rounded. 

In  the  Bear-tribe,  as  in  the  Seals, 
the  tentorium  is  ossified :  the  inter- 
parietal uiiiles  witli  and  forms  a  trian- 
gular process  of  the  supeKK  eipital : 
the  ali^phenoid  articulates  with  the 
parietal :  the  ectocarotid  pierces  the 
ptervfroid  procet>8.  There  is  no  ptery- 
gold  tossa. 

In  the  European  Black  and  Ikown  Bears  {Ursus  arctos)  iha 
frontal  region  of  the  »kuii  is  raii»ed  and  convex,  lu  the  American 
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Grisly  Bear  (  Ursus  ferox),  the  facial  part  of  the  skull  is  T^ 
lativcly  longer  than  in  the  Ursus  arctos,  and  the  na^al  process^'i 
of  the  premaxillaries  are  much  longer,  are  more  slender,  and  ar- 
ticulate directly  with  the  anterior  processes  of  the  frontals.  Ii 
the  Brown  Bear,  tlie  maxillaries  articulate  with  the  small  part  d 
the  nasals  and  separate  the  premaxillaries  from  the  frontals,  h 
the  Polar  Bear  (  Ursus  maritimus,  fig.  340),  the  lower  extremitiH 
of  the  occipital  condyles  are  united  by  a  ridge,  which,  however, 
is  less  prominent  than  in  the  Ursus  ferox.  The  precondyl(«il 
foramen  is  exposed.  The  superoccipital,  .3,  terminates  aboTc  in  a 
strong  ridge  overhanging  the  condyles.  Both  paroccipitals,  4, 
and  mastoids,  8,  are  well  developed,  but  the  latter  are  the  larger 
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processes.    The  temporal  ridges,  commencing  at  the  postorbital 
jirocesses,  converge  at  a  right  angle  and  meet  at  about  two  ; 
inches  behind  the  orbits,  and  form  a  long  and  prominent  sagittal 
crest,  the  upper  border  of  which  is  straight ;  the  frontal  region  i 
is  low  and  flattened.    Within  the  cranium  the  cerebellar  fossa  u 
formed  by  the  bony  tentorium  above,  and  by  a  shorter  osseous  , 
ridge  below,  separating  the  cerebellum  from  the  upper  part  of  the 
medulla  oblongata.    The  commencement  of  the  entocarotid  canal 
may  be  seen  distinct  from  the  fore  part  of  the  fossa  jugularis;  tlie 
petrosal  fossa  is  di\'ided  into  two  cells  for  the  reception  of  the 
cerebellar  appendages.     The  mastoid  is  occupied  by  a  close 
diploe,  which  receives  no  air-cells  from  the  tympanic  cavity. 
The  meatus  auditorius  terminates  obliquely  within  the  tympanic 
cavity.    A  triangular  constriction  separates  the  prosencephalic 
from  the  rhinenccphalic  chamber.    The  malar,  26,  alone  forms  the 
postorbital  rising:  the  squamosal,  27,  does  not  reach  so  far; 
it  developes  a  low  subquadrate  cranial  plate,       The  mandible 
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developes  a  long  angular  process,  3o,  which  rises  toward  the 
condyle. 

In  the  Racoon  {Pmcijon),  and  Coati  {Nasua\  the  cntocarotid 
pierces  the  inner  border  of  the  tympanic  bulla :  there  is  no  ecto- 
carotid   canal.     The  mastoid  is  tiiicker  than  the  paroocipital. 
The  lioiiy  tentorium  terminates  upon  the  petrosal  above  the 
shallow  depression  of  the  cerebellar  appendage.    The  upper  cra- 
nial parietes  are  moderately  thick  and  with  a  diploe.    In  the 
Coati  the  olfactory  chamber,  with  the  superior  turliiuals,  extends 
above  the  whole  rlujieiur]>li:iltc  fossa,  and  forms  in  part  the 
frontal    elevation  of  the  cranial  contour.     In  tbe  lienturong 
//r?/.s),  tbe  cctocarotid  perforates  the  pterygoid,  as  in  Bears. 
The   skull  of  the  Badger  {Meles  taxus)  is  chiefly  remark- 
ahle  for  the  closeness  with  which  the  transverse  condyles  of  the 
lower  jaw  are  grasped  by  the  borders  of  the  articular  grooves  at 
the  hase  of  the  zygomatic  processes,  80  that  the  mandible  cannot 
he  disarticulated  without  some  Tiolence.    The  lateral  sinus  termi- 
nates behind  the  glenoid  cavity,  as  in  other  Ursiditf  and  the  sub- 
petroeal  sinuB  terminates  at  the  entooondyloid  foramen.   There  is 
no  cctocarotid  canal. 

In  Ratelus  the  transversely  extended  base  of  the  paroccipital 
is  applied  to  the  back  part  of  the  bulla.  In  the  Glutton  (Gulo) 
the  cranial  cavity  is  less  expanded  posteriorly^and  lees  constricted 
anteriorly,  than  in  the  Hatel.  There  is  a  smooth  articular  sur- 
face in  the  basioccipital,  but  it  is  less  distinctly  continuous  with 
the  occipital  condyles  than  in  the  Batel.  The  zygomatic  arches 
are  larger^  stronger^  and  more  curved :  the  palate  is  relatively 
broader:  both  the  paroocipital  and  the  mastoid  processes  are 
feebly  develqied. 

In  the  Stoats  and  Weaseb  (  AIotim),  the  meatus  auditorius  is 
an  oblique  perforation  in  the  lateral  and  inferior  parietes  of  the 
skulls  directed  from  within  outward  and  forward,  and  not  pro^ 
duced  upon  an  auditory  process.  The  bulla  tympanioa  is  very 
extensive.  The  bony  tentorium,  which  projects  rather  irom  the 
upper  than  the  back  wall  of  the  cranium,  terminates  upon  the 
baek  part  of  the  petrosal,  above  the  deep  circular  pit  for  the  cere- 
bellar appendage.  The  rhinencephafic  fossa  is  less  distinctly 
defined  than  in  Plantigrades  from  the  rest  of  the  cranial  cavity ; 
the  oI^MStory  chamber  extends  backward  both  above  and  beneiMth 
that  fossa,  causing  the  cramum  to  appear  dilated  at  that  part :  the 
air  must  be  filtered,  as  it  were,  through  the  complex  tnrbinals 
before  passing  into  the  canal  of  the  posterior  nares. 

lu  the  Otter  {Lutra),  a  narrow  articular  surface  upon  the  basi- 
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oodpitel  connects  together  tJbe  two  eondjks :  tlie  temporml  ndg^s 
commencmg  firom  lite  postorlntal  proceaaeSy  meet  at  an  a[«(T 
angle,  and  extend  beekwaid,  a&  a  low  end  straiglit  sagittal  civ:. 
S8  far  as  &e  Iwoader  oodpital  ereat.    The  zygumatic  arche»  an 
Btruiig  and  boldly  dured ;  they  bifbroale  anteriorly  to  i^urriHii^i 
the  large  antorbifed  foramen.   The  cnaial  walls  are  tliin.  witbt  r 
diploS :  the  impresnons  of  the  convc^tioiis  are  strongly  ui:i:ke>: : 
there  are  no  ^ntal  smoaeB.    The  cranial  cavity  is  remurkil.i: 
for  its  great  [>o8terior  expanse  and  its  extreme  cuiitruciioii  i*^ 
twcLii  the  prosencephalic  and  rliinencephalic  divisions.    The  Uai) 
tentorium  terminates  upon  the  petrosal  above  tlie  small  j)it  fortb 
cerebellar  appendage.    The  sella  turcica  is  shallow.     The  tn. 
for  the  o[»tic  chiasma  is  long  and  narrow.      The  crista  jr-^ 
extends  backward  through  nearly  the  whole  of  the  rhiiieucephA!. 
fossn,     Tlie  longitudinal  sinus  couuuunicates  behind  with 
Miiall  \enou8  foramina  in  the  superoccipital  bone.     The  (»lfiicton 
rhuiuhor  commences  tlireetly  in  front  of  the  rhinencepli:ilir  l  i^a. 
the  crihrit'orm  plate,  or  back  ])Jirt  of  the  olfactorv  caj»siile  w\v 
the  CiuUesiiil  prefrontals,  sepaialiii<^  them.     The  eiitr^    t*-  th. 
nas;\l  |vjissagcs  is  almost  blocked  up  by  the  large  and  coiD|tki 
turhiuHls, 

lu  the  Civet  (  Viverm  Civrtta),  the  occipital  condyles  are 
r«te  fnvm  c?^oh  other  at  their  lower  extrenn'ties.    The  j>arui  <-ipiTA.> 
nuii  ^u^^^Kn^ls  hav<»  eoulc&ced  and  form  a  triangular  plnte  of  bone. 
«pphtsl  to  the  posterior  part  of  the  tympanic  bulla,  like  the  m;- 
s^ule  of  the  ai^>rn  to  the  seed.    This  bulla  is  more  circ^m^eni<^. 
j*)\d  nuu  l»  more  developed  than  in  the  Otter :  the  bony  nuatit 
5iu%h(xnius  is  much  shorter,  and  opens  directly  into  the  i  \ 
HMNitx      I1ie  nasal  processes  of  the  upper  maxillarics  ejcieiR: 
Kiek>vH»\l  mueh  lurtlier  than  the  nasal  Inuies,  tiie  reverse  beJD:: 
il\o  e.i>e  in  i!u  (>tt»r.     fhe  jiterygoid  proociises  are  perforait'i 
^^  the  »vi*H4U>»t ids.     The  enniial  cavity  is  Ioniser  and  narrower. 
H\\d  the  i^VNtovhital  eonstrli'liiMi  luuch  ie>s,  than  in  the  Miisfe!uf<s. 
V\w  Umv  temoiium  is  continued  forward  beyond  tin;  p<_-tr<>>:d, 
s'^^^d  ten»»^'^n?es  alu»ve  the  t\»nunen  ruiundum.     The  j>etrosAl 
^o^pivvNvsi  \\\  A  dtvp  pit  lor  the  eerehellar  appendage.    A  ver- 
<;>  ^l  on«rii>l  ti*ael  of  tlie  cranial  wnlU  (hvides  the  pm-cnre- 
'>'»^e  tUMn  T!te  rhi»u'fi<*cphaHc  conipai  uneias.     The  olfietory 
ssw^i   i>   ^sMUinued   h.-^  kwaiti  above   as   well  as   heneath  the 
,^>vvpKah*'   e.Mnp;>rtment,     The  crista  galli  is  rudimcntat 
X\  K"*^  ih«^  jirpijimt^sal  is  rcmo\ed.  the  extensive  ?nrl'ace  ot"  ihc 
x-.         !^i>d       plici>(»{d  is  oxposi'd  to  which  it  was  applit^yantl  the 
\<««^«i^x  in  the  :^uturc  between  iliose  bunes  which  wai  left 


SKELETON  OF  CAllNIVOKA 


Ibr  it  to  oorer  in  oompleting  the  cnnial  walk.  In  some  Yiyer- 
rinee  {lehnnmum,  Mtm^uM)^  the  orbital  procesaes  of  the  finrntal 
and  malar  meet  and  drcumscribe  the  run  of  the  orbit. 

In  the  Ckmmion  Fox  {Canis  Vulpes),  the  paroocipital  is  tri- 
angular, and  applied  to  the  back  part  of  the  acoustic  bulla,  but  is 
smaller  and  thicker  than  in  the  Viverrines',  and  stands  oiF  more 
from  the  bulla.  The  alisphcnoid  articulates  with  the  parietal. 
The  interparietal,  which  has  anchylosed  with  the  superoccipital, 
penetrates  the  posterior  interspace  of  the  parietals.  The  nasal 
processes  of  the  maxillaries  are  tnincate,  and  terminate  on  the 
same  transverse  line  as  the  nasals.  I'he  nmxillaries  directly 
articulate  witli  the  middle  part  of  the  nasals  below  the  bony  ten- 
torium, Avlii<  h  appears^  to  be  develo})ed  from  the  su])eroccipital. 

The  skull  of  the  Wolf  (Canis  L.upus)y  as  of  the  tT;u  kul  {Canis 
aurct/s)y  differs  from  that  of  the  Fox  in  the  median  depression 
and  transverse  convexity  of  the  frontal  region  produced  by  the 
bending  down  of  the  postorbital  processes ;  in  the  greater  })os- 
terior  extension  of  the  nasals,  as  compared  with  the  maxillaries  ; 
and  in  the  encroachment  of  the  laerynnii  on  the  face.  The  frontal 
l)one8  of  the  Wolf  preserve  a  more  uniform  breadth  than  in  the 
Jackal,  being  less  expanded  posteriorly  where  they  join  the 
parietals.  The  short  and  wide  meatus  auditorius  terminates 
obliquely  in  the  tympanic  bulla.  The  base  of  the  zygomatic 
process  is  pierced  by  a  vertical  venous  canal. 

JAke  the  Jackal  and  Wolf,  the  Dingo  (Ctmis  Australis)  differs 
from  tlic  Fox  in  the  greater  transverse  convexity  of  the  frontals, 
especially  opposite  the  j>ostorbital  processes,  and  in  the  greater 
longitudinal  de])ression  between  the  iVontals ;  in  the  greater 
jK>*»terior  exteusioH  of  the  nasals,  as  compared  with  the  maxil- 
laries ;  and  in  the  encrnachracnt  ol"  the  lacrymal  bone  upon 
the  i'ace.  In  a  comparison  of  the  skull  with  that  of  the 
Marsupial  Carnivore  (  Th7jl<irinus  Jlnrrisii)  from  the  same  part 
of  the  world,  wliich  ecpials  the  Dingo  in  size,  the  most 
striking  difference  is  the  comparative  suj)criority  of  the  cere- 
bral cavity  in  the  wild  Doir,  and  of  the  olfactory  cavity  in  the 
Thylacine,  the  proportions  bcio^i;  reversed  in  the  two  speci- 
mens. The  supcn^c ijiital  overhangs  the  ioramen  magnum  in 
the  Dog,  but  is  nil  the  same  vertical  plane  with  it  in  the 
Thylacine.  The  paroccipitals  are  more  comj)reB«»ed  in  the  Thy- 
lacine, an<l  tlicir  ))asc  is  nut  applied  tc»  the  acoustic  bulla,  which  is 
of  much  smaller  size  and  formed  exclusively  by  the  alisphenoid, 

'  The  extinct  fsenoi  ChUiyn^  of  the  lEiiingen  aioeeiM  iodicatai  th«  tmnitioa 
flroin  ViMtra  to  Cbmf,  oiTv  p.  69. 
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not  by  the  petroflal  and  tympanic^  as  in  the  Dog.    The  tymiMifeic 
has  preserved  its  distinctnese  in  the  Thjlacme,  but  has  coelened 
with  other  elements  of  the  temporal  bone  in  the  Dog.    A  vide 
and  deep  groove  diyides  the  bulla  from  the  basisphenoid  in  ibe 
Thyladnej  but  the  sides  of  the  basisphenoid  in  the  I^ingo  are 
swollen  and  abut  against  the  large  tympanic  bnlbe.    The  arta* 
oular  cavities  for  the  lower  jaw  are  mudh  nearer  the  oociput  ia 
the  Thylacine  than  in  the  Dingo,  and  the  malar  bones  enter 
partially  into  their  formation.    There  are  two  large  vaeuities  in, 
the  bade  part  of  the  bony  palate  in  the  Thyhuancy  but  this  part 
ig  entire  in  the  Dingo.    The  antorbital  foramina  are  larger  in  the 
Thylacine,  and  much  nearer  the  orbits  than  in  the  Dingo ;  they 
are  also  formed  partly  by  the  malar,  and  are  not  wholly  |>er- 
foratcd  in  the  nuixillary  bone,  as  in  the  Dingo :  the  lacrymal 
bone  is  mnch  larger  in  the  Dingo,  and  encroaches  much  niore 
uj)on  the  face :  the  nasal  bones  are  broader  posteriorly  in  tlit 
Dingo,  and  extend  further  back,  as  compared  with  the  juaxiil  i  ic>. 
The  petrosals  are  much  larger  in  the  Dingo,  aud  send  bony  plcstos 
into  the  tentorium,  which  plates  are  not  present  in  the  Thylacine. 
The  chief  bony  part  of  the  tentorium  projects  from  near  the 
•   middle  of  the  occiput,  and  does  not  reach  the  petn»sal   in  the 
wiKl  I)  >L^    The  sella  turcica  is  defined  by  the  postt  li^T  cHnoid 
processes  in  the  Din<j!;o,  but  not  in  the  Thylacine.    The  ibraniina 
optica  and  lacera  aTiteriora  are  blended  together  in  the  Thylacine, 
but  are  distliict  in  tlie  Dog.    Although  the  olfactory  chamber  i? 
so  much  larger  in  the  Thylacine,  the  rhinencephalic  foss.i  is 
smaller  than  in  the  Dog.     The  lower  jaw,  besides  its  greater 
length  and  slenderness  in  the  Thylacine,  differs  by  the  bending  in 
of  the  angle,  which  is  the  characteristic  of  the  Marsupials.  In 
most  of  these  distinctions  the  Thylacine  manifeata  its  nearer 
affinity  to  the  oviparous  type  of  skeleton. 

The  chief  distinction  between  the  wild  and  domestic  Doirs  is 
the  greater  proportioDal  size  of  the  cranium  to  the  face  in  the 
latter,  and  this  increases  as  the  size  of  the  variety  diminishea. 

The  affinity  of  the  Hyaena  to  ike  Viverridm  is  shown,  in  the 
skull,  by  the  broad,  triangular,  rough  ])l;Ue  formed  by  the  paroo- 
cipital  and  mastoid^  and  applied  to  the  back  part  of  the  aoouatie 
bulla :  but  the  pterygoid  procesaea  are  not  pierced  by  the  ecto- 
oarotidfi.  The  strength  of  the  muscles  which  work  Ihe  jaw  ia 
shown  by  [the  extent  of  the  temporal  fossflB,  the  height  of  the 
sagittal  crest,  the  thickness  and  the  expanse  of  the  zygomatie 
arches,  the  height  of  the  coronoid  processes,  and  the  depth  the 
Btiong]y«4efinod  fosse  into  which  the  great  muscles  of  masticatkm 
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arc  inserted.  The  antorbital  foramina  are  small  semilunar  slits. 
The  nasal  processes  the  maxillaries  extend  further  back  than 
the  nasals. 

The  specific  character  of  the  Lion  (Felts  Leo),  as  compared 
with  the  Tiger  (Felis  Tigris),  is  shown  by  the  obtusely-pointed 
teniunation  of  the  nasal  process  of  the  maxillary,  and  its  ex- 
tension backward  to  the  same  transverse  line  as  that  which  the 
hinder  ends  of  the  nasals  reach.  In  the  Tiger  the  nasal  bones  are 
relatively  longer  and  extend  further  back  than  the  nasal  processes 
of  the  maxillaries,  which  are,  as  it  were,  truncated.  The  concavity 
of  the  frontal  platform  between  the  deflected  postorbital  processes 
is  narrower  than  in  the  Lion  ;  the  suborbital  foramina  are  smaller. 

The  carnivorous  character  of  the  skull,  fig.  341,  as  exemplified 
})y  the  sagittal,  7,  and  occipital,  8,  crests,  by  the  strength  and 
expanse  of  the  zygomatic  arches,  S7,  by  the  depth  and  shortness 
of  the  jaws,  by  the  height  and  breadth  of  the  coronoid  processes, 
and  by  the  extent  of  the  muscular  fossa?  of  the  lower  jaw,  reaches 
its  maximum  in  the  skull  of  the  old  males  of  both  these  large 
Felines.  The  triangular  occipital  region  is  remarkable  for  the 
depth  and  boldness  of  the  sculpturing  of  its  outer  surface. 
Tlie  conjoinetl  paroccipital,  4,  and  mastoid,  8,  form  a  broad  and 
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thick  cajMular  support  for  the  back  part  of  the  acoustic  bulla. 
The  j)tcrygoid  processes  are  impcrft)rate,  A  well-marked  groove 
extends  on  each  side  of  the  bony  palate  from  the  |H)sterior  to  the 
anterior  palatine  foramina.  The  premaxillaries,  22,  are  compa- 
ratively short,  and  one  half  of  the  lateral  border  of  the  nasals,  is, 
diroctlv  articulates  with  the  maxillaries,  21. 

The  bony  tentorium  extends  above  the  petrosal  to  the  ridge 
over-hanging  the  (iasserian  fossa  :  the  petrosal  is  short,  its  A\Ktx  is 
neither  notched  nor  perforated  :  the  cerebellar  pit  is  very  shallow. 
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The  Bella  turcica  is  deep,  and  well  defined  hy  both  ti&e  anterior 
and  posterior  clinoidfl.   The  riimenceplitlic  foBsa  is  TeladTeSr 

larger  than  in  most  dxmivcra,  and  is  defined  by  a  well-mariu*. 
angle  of  the  inner  table  of  the  BkuU  from  the  prosencephaJir 
compartment:  the  olfactory  chamber  extends  backward  Vh,-, 
above  and  below  the  rhinencephalic  fussa :  the  upper  j»art  of  tij^ 
chamber  is  divided  iutu  two  sinuses  on  each  side:  the  :^iiperiitr 
turbinals  extend  into  the  anterior  sinus,  and  below  into  the 
presphenoidal  sinus.  The  inner  surface  of  the  squamosal  is  tripar- 
tite; the  upper  facet  rough  for  the  broad  squamous  siitnre,  th( 
anterior  and  inferior  one  smooth  and  deep  for  the  natiforrn  pro- 
tuberance of  the  hemisphere,  and  the  jKJSterior  facet  smooth  ami 
undulated  where  it  is  applied  to  the  jietrosal  cnp^ule,  its  juneturt 
with  which  is  effected  bj  the  medium  of  the  mastoid*  which  ia 
anchvlosed  to  both. 

The  strengt)icnin<r  of  the  cranium  in  (  arnivnra,  in  reterciice  to 
the  forcible  action  of  the  muscles  attached  thereto,  is  gained  bv 
the  growth  of  bone  in  the  form  of  ridges  both  from  the  outer  and 
the  inner  surfaces  of  the  cavity.    This  is  so  completely  filled  by 
the  brain*  its  blood-vessels  and  membranes,  that  were  any  con- 
cussion Gonceiyable  of  cerebrum  against  cerebellum  through  an 
active  bound  or  le;tp,  an  interposed  membrane  so  elastic  as  to  yield 
and  recover  would  best  meet  the  contingency :  to  suppose  that  t 
hard  plate  between  the  two  soft  masses  had  any  such  relation  to 
the  spring  of  the  stealthy  feline  implies  both  dull  physiological 
reasoning  and  limited  knowledge  of  the  comparative  osteology  of 
the  Camivora :  the  commonly  ascribed  final  cause  of  the  bony 
tentorium  of  the  Cat  is  refuted  by  the  presence  of  that  part  in  the 
plantigrade  Bears  that  do  not  move  by  bounds^  and  in  the  pin- 
nigrade  Seals  that  can  only  shuffle  uong  the  ground,  and  are 
pillowed  by  the  waves  during  their  swiftest  and  most  habitoal 
movements. 

The  hyoid  arch  of  Felines  coneistB  of  styIo<erato-  and  bas»* 
hyals,  with  the  appended  thyro-hyals.  The  stylo-hyals,  as  a  rule, 
connect  the  arch  to  the  base  of  the  skull :  but  in  the  Lion  a  long 
ligament  intervenes  between  the  stylo-  and  cerato-hyals,  allowing 
more  freedom  of  motion  to  the  base  of  the  tongue  and  larynx,  in 
relation  to  the  characteristic  vibratory  roar  of  the  king  of  beasts.' 

C.  Bones  of  the  Limbs. — The  general  characters  of  tlicse  in 
the  Camivora  have  been  defined,  and  the  principal  modifications 
detcrminiiii^  the  y>inni-  planti-,  and  dlirlti-grade  modes  of  loco- 
motion arc  illustrated  in  figs.  172-175,  ])p.  288,  289. 

The  pinnigradcs  are  pentadactylc,  and  without  trace  of  clavicle. 

'  OCJLXXVl ,  ol.  vii.  p.  3S. 
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The  Hcajiula  is  broad  and  curved  backward,  the  anterior  and 
basal  borders  arc  continued  in  Phoca  by  a  bold  convex  line 
to  the  angle  termiiuitiii^  the  posterior  C(»sta,  which  is  as  strongly 
concave,  fig.  335.  lu  Ofaria  the  breadth  is  increased  by  the 
production  of  the  fore  part  ui  tin  scapula,  causinor  a  dispropor- 
tiojuite  extent  of  the  prespinal  surface,  on  ^^  liich  is  a  low  acces- 
t5»)rv  ridifc,  anterior  to  the  true  *  spine,'  not  iuistcrior  to  it  aa  in 
J^Ji'fjiitliri mm.  The  spine  is  farther  from  the  posterior  costa  in 
Trichfciis.  In  all  J^hocidcB  it  tcrnniiates  in  a  short  acromion. 
Tlie  Irumerus  is  shorter  than  the  scapula  in  J'/io<-a,  longer  in 
Otiu  la  ;  it  is  remarkable  for  the  great  development  of  the  inner 
tuberosity  and  ot  the  deltoid  ridge,  which  is  deeply  excavaLi  d  on 
iti5  outer  >!(ie.  The  inner  eoiulyle  is  perforated  in  Phoca,,  not  in 
Ofarifi,  Mniiurhus,  and  Trirhcrroi.  The  middle  of  the  distal 
end  is  excavated  by  the  articular  trochlea;  an  olecranal  fossa  is 
feebly  or  not  at  all  marked.  The  antibrachial  Ix  tics  are  com- 
pressed, and  firmly  united,  the  interogReous  space  beuig  widest  in 
Otaria :  tlie  olecranon  is  large  and  hatehet-shaped.  The  fore- 
part of  the  lower  half  of  the  radius  is  produced.  The  seaphoitl 
and  lunnr  bones  are  connate:  the  fifth  metacarpal  articulates  with 
the  iform  as  well  as  with  the  unciform:  the  !nfi«!:num  is  the 
least  »»f  the  carpals.  Although  the  jiolh^x  or  the  first  digit  exceeds 
the  third,  fourth,  and  fifth  in  lengtli,  it  presents  its  characteristic 
inferior  number  of  phalanges,  by  which  the  radial  border  of  the 
fin  is  rendered  more  resistnig.  The  j)elvic  arch  is  remarkable 
for  the  stunted  development  of  the  ilia,  and  the  great  length  of 
the  ischia  and  pubcs :  tlie  symphysis  is  sliort,  and  divaricabic  in 
parturition,  as  in  the  Guinea-pig  (p.  38(1).  The  femur  is  equally 
peculiar  for  its  shortness  and  breadth :  its  head  has  no  pit  for  a 
*  round  ligament,'  The  tibia  and  fibula  present  the  more  usual 
pro|x)rtions,  but  are  anchylosed  at  their  proximal  ends.  The 
astragalus,  fig.  173,  a,  has  its  proximal  articular  surface  in  two 
facets,  one  for  the  tibia,  6,  the  other  for  the  fibula,  m :  a  port  of 
the  bone  projects  *  proximad '  of  these  Burfacea ;  and  it  is  produced 
*distad*  to  articulate  with  the  naviculare,  si  the  co-extended 
oalcaneum,  r/,  is  applied  to  the  tibial  side  of  the  astragalus.  In 
Otaria  the  ealcaneal  process  is  longer.  The  entocunciform,  ?, 
mesocunetform,  eotocuneiform,  c,  and  cuboides,  6,  have  the  usual 
connections.  The  bof^cs  of  the  foot  arc  much  developed,  and  are 
modified  to  form  the  basis  of  a  large  and  powerful  fi  n  :  in  Phoea^ 
the  middle  toe  is  the  shortest,  and  the  rest  increas(3  in  length  to 
tlie  margins  of  the  foot :  in  Otaria  and  TricheetLt  the  toes  are 
subcciual  in  length.  The  long-bones  of  Seals  haT'3  no  medullary 
cavity. 
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In  the  plantigrade  Camivora  the  clavicle  is  wholly  "wwitiiij.  * 
In  the  Bear-tribe,  the  scapula,  fig.  336,  si,  is  remarkable  far  ia  \ 
almost  quadrate  form,  and  for  the  strong  developmout  of  A*  ■ 
ridge  between  the  infraspinatus  and  teres  major,  e«»n>tlturini: 
almost  a  ^ieeolul  >pinc.     The  inner  eondyle  of  the  liumeruj  i*  if  *  ; 
perfojaU'vl,  save  in  Ursus  oniafus.    The  antibrachials  little,  if  *•  ^ 
all,  exceed  the  humerus  iu  length  ;   their  sUaftis  are  of  eii  . 
strength.     The  scaphoid  and  lunar  Imnes  of  the  »  .1: 
coalesced:  the  pisiforme  is  elongated  and  expandecl  at  it=i  fr^y 
end  like  a  calcaneum.    The  fure-foot  is  5-daciyle,  tlie  ir^  Uei 
being  a  little  shorter  than  the  other  tv>es,  which  are  subetpial  ii  . 
lencrth :  the  ba.«al  sheath  of  the  ungual  })halanirc?  is  thivkeoei: 
and  tiii>orcMilale  below:  the  claw-bearing  pai-t  i.s  lono".  suIki»o-  '* 
I  re>-<d.  and  slightly  arclied.    The  ilia  are  shorter,  tbii  ker.  %L''.  ' 
i»r4»uder  than  in  1  )igit!gnides :  the  ischia  are  shurt  and  exj^iinlei.  'j 
fonning  with  the  stronix  j>ul)ies  a  long  synijihy&is.    The  aretal»uli 
arc  large  and  deep ;  the  ilio-pnbic  anj^le  is  125°.     The  t'oiiniri-  j 
remarkai>le»  in  Bears,  for  its  great  lengtli,  and  iiuj>eriicial  rc^^cnj-  ' 
bianv  e   to   that   in  man :   but  its  shaft  h  relativolv  thicker, 
straiirhter.  and  ratlier  flattened  from  before  backward  ;  it  drffer? 
also  in  the  more  ^liallow  pit  for  the  round  li<rament,  in  the  trr'  ^ 
trixhanter  beinLT  lonixer  thougli  less  jirominenl  above,  in  the  b^-^ 
pn\iiviiou  of  the  small  trochanter,  in  the  nilnnr  expansion  of  the 
di<tn!  c^nidvles.  and  in  the  smaller  siize  oi  the  rotular  channel 
The  nuHlullarv  ca\ity  is  confined  to  the  middle  tliird  of  the  bK>ne. 
The  nu^hdlHrv  artery,  which  (.  titers  at  the  fM>stcrinr  and  inner 
^le,  boU»xv  the  middle  of  the  ?>hai't,  takes  an  (»bH(nje  coiinie  up- 
warvl.    The  tibia  is  one-fom-tli  shorter  tli  ui  the  f  mui  :  the  HbuU 
is  much  smaller  and  compressed:  but  t he  meduiiary  cavifr  ct- 
Tc:i  Is  tln\uiirh  nearly  the  whole  of  the  shaft  ol"  this  slender  boDC 
in  tiiT.  174,  ci  marks  the  calcaneum,  .v  the  navicularc,  e  the  ecto- 
cuueilorm,  A  the  euboidc-i :  the  astrai^alus  is  almost  as  broad 
K»ni:,  without  a  calcaneal  process.    The  hallux  is  rather  shorter 
iluui  the  other  tvH's.  which  are  of  subequal  lengthy  and  focm 
basis  i>f  a  broad  Hat  f(H>t. 

In  the  «capiilm  of  the  Racoon  {Proct/on\  the  pre-  and  |x>st- 
a|ttai4  ftitMD  art^  t>f  equal  extent.  The  inner  condyle  of  tbe 
hunienw  15  ^terforated  aa  in  all  Subunines.  In  Nasua  and  Art' 
iH^^asupplemontaij  carpal  ossiele  is  wedged  between  theaeftpAM^ 
Immr  and  the  metacarpal  ol*  the  ix>llez,  external  to  the  trapedum: 
Ike  tai^ius  shows  a  oorrcapoadiog  ossicle  wedged  between  tk» 
navtv'ularv  a^'id  entocuneifonn.  In  the  Kactwrn,  the  fibula  it 
ckurwMemed  \>y  three  proooeeea  behind  its  distal  end :  the  maU^ 
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olar  process  is  very  short,  but  plays  Li[iun  a  well-marked  articular 
suriace  of  the  astragalus.    In  a  Wmkajon  ( Cfrcoicpfes),  1  have 
seen  the  ('<»Ti(lyle  notched  in  the  right  and  pcri'orated  in  the  loft 
yimnieni;*.    In  the  Badger  (iMclcs  ttixus),  the  scapula  pre.sent.s  a 
sul)nuadrate  form,  crossed  dia[ronfilly  by  the  spine,  and  with  one 
ariiflc  ])rofluced  to  form  the  glenoid  cavity:  the  coracoid  is  repre- 
sented by  a  low  tubercle  :  there  is  no  inferior  ridge  or  spine.  Tn 
II  Ratt'l  (  Ratelus!  mi  lUv<>ru8\  with  a  similar  shape<l  scapula,  the 
curacoid  is  sub-bihd,  and  the  acromial  tubercle  is  slightly  pro- 
duced.  T  have  seen  both  humeri  perforated  between  the  condvles, 
only  the  right  one  above  the  inner  condyle.    There  is  no  medul- 
lary cnvity  in  the  tibia.    The  humerus  of  ]Mi/(htus  shows  both 
the   intercondylar   and  entocondylar   holes.     In   tlie  Glutton 
(  Gnfo),  the  scajmla  is  of  a  trapezoidal  form,  ecpially  and  obliquely 
bisected  by  the  spine,  which  developes  a  bifid  acromion:  there  is 
a  distinct  coracoid  tubercle.    The  inner  condyle  of  the  humerus 
18  perforated.    The  deltoid  ridge  terminates  on  the  middle  of  the 
ehaft.    Both  ]K)llex  and  hallux  are  relatively  shorter  to  the  other 
toes,  in  most  Subursines,  than  in  the  true  Bears.    Besides  the 
patella,  the  fabellae  are  commonly  present  at  the  knee-joint. 

In  MustelidcR  the  acromion  is  more  distinctly  bifurcate  than  in 
Subursidce :  the  j)osteriorly  produced  plate  is  broad  in  the  Pole- 
cat {Atorius),  in  which  the  glenoid  surface  is  c<mtinaed  upon  the 
ooracoid  tnbeicle.  In  that  of  the  Otter  may  be  noticed  tlio 
greater  expanse  of  the  prcspinal  portion  and  the  well-marked 
division  of  the  acromion,  the  broader  and  posterior  part  bending 
down,  and  the  narrow  and  anterior  one  extending  forward  :  the 
coracoid  tubercle  is  mdimentary.  The  humerus  h  remarkable 
for  the  compression  of  the  shaft,  which  is  strongly  bent  forwards, 
and  for  the  continuation  of  a  ridge  from  the  deltoid  as  far  as  the 
distal  condyles.  The  inner  one  is  perforated.  The  ulna  is  much 
longer,  and  is  stronger  than  the  radius.  The  supplementary 
ossicle  answering  to  that  marked  t  in  fig.  361,  is  present  in  the 
carpus  of  both  Lutra  and  Putorius,  The  diminution  of  the 
pollcx  proceeds :  that  of  the  hallux  in  a  less  degree :  the  third 
and  fourth  digits  are  the  longest  in  both  fore  and  hind  feet; 

In  the  Viverridm  the  scapula  is  longer,  more  quadrate,  and 
more  equally  bisected  by  the  spine  than  in  Mu$t€iidiE:  the  acro- 
mion is  bifidy  but  the  divisions  are  less  distinet  There  are  de- 
tached clavicular  styles.  The  innermost  digit  is  relatively  shorter 
than  the  rest  in  both  fore  and  hind  feet,  toking  no  share  in  the 
support  of  the  body.  In  Manguita  Uiradaetyia  the  poUez  is 
afaient    In  the  Civet,  and  Cynogale,  the  humerus  is  pierced 
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between  the  condvler.  I  ut  no'i.  or  rareiv,  nl^  ve  the  Lnjoer  omdrle. 

•  •  _ 

In  the  Gonct.  the  iiumeru<  ^b<'w^  iho  rni^ •condviar,  hut  not  thi? 
iiUcrcuntiylar  hole.  In  the  femur  a  riil^e  e:steiMis  from  the  fjreai 
trochanter  more  than  hah-^vay  d-^'wn  the  >hai"t  ^4  ih<'  U^ni;.  La 
tho  lohncum "11  [Mauf/usfa  i.  the  uj^j^er  coniuur  the  ~c:ij  ula  b 
j^hghlly  .sij^nicifl,  very  f-nnTcx  anu-norly,  and  ihe  ]»re>jiiiial  i? 
Iftrjj^er  tliiin  the  post^^ftiaai  fossa.  The  acromion  is  hi  rid.  The 
humenis  is  pierced  1>ot}i  hpTwecn  the  ci'n^lyle^  and  above  the 
iimer  condyle.  Th(  -ui 'pltuientary  ovsicle  at  the  raMlial  s^ide  *4 
iho  rarpua  is  present  in  mur^t  Virt  rrtd(F.  It^  homotvp^  exists  in 
iho  tar>*inf  of  (^ifiwiffih  and  Bnssaris.  The  haUux  is  wanting  is 
K^th  MnN(/ttstti  p(  uiciJlata  and  3/.  tttradaetyla. 

In  the  Cnniilir  tlio  .scapulae,  and  especially  the  lUnl^bones,  9ft 
K^Uivr  juul  more  slender,  relatively,  than  in  the  foregroing  cw- 
«i\»>t»\is  fmnilioA.     There  are  clavicuhir  ?tyles.     The  humerw 
l»As  the  intcivondylar  vaeuity,  not  the  entorondylar  performtioSL. 
t'he  ^xdlox  is  ro«hiccd  to  the  '  dew-elaw  '  appendagt^ ;   and,  in 
I  >      yii  tus^  to  a  metacar()al  style,  which  is  concealed.     Xlie  ulna 
axni  T»dins  aiv  chicly  and  extensively  united :  swift  course  is  the 
>  Vhvj^x  U  vi>tio  of  the  present  digitigrade  family.     The  sleiHkr 
oKv^oly  adherer  to  the  lower  half  of  the  tibia.    The  tiaUox 
i»  iNyhuNxl  to  a  miDuto  beirinninir  of  the  metatareaL    The  moo»- 
T$^Kf\  A-^>ielo  and  the  fabelia  are  present. 

\v.  }tr,:*4.u  the  humerus  is  usually  pierced  between  the 
%sW\K^{  M  »  Ihiok^r  in  proi)ortion  to  its  leDgth  than  in  tke 
Wf  i»  WHU^f  bent  and  twisted :  the  same  cfamcters  mark 
1 V  V4^^h^)»  ai^«i  ^liMii  which  are  still  shorter  in  proportion  than  im 
<>w*  ^V>5,  Hm*  i^JltfX  is  nxhiced  to  a  rudiment  of  its  metacaipaL 
W  K       '  « IV  306),  d  marks  the  <  scapholonar '  commoD 

«sx  iW  ail  Carmr^ra^  c  is  the  cuneiforme,  p  the  pisi* 

;«v^t^^^  t  t)1l)M^»ium%  <^  tmpeioidesy  m  magimm,  and  u  mu  irMrme. 
I'J^i*  N^^ttV  ^»  nvw  Ciwprt^ssed  witcro^f>osteriorly  than  in  the  SMi^t 
i^wU  tr^v^hantor  is  more  ]x>sterior  in  position.    The  necJc 
»  Kv>w\>*\  Wdi  of  the  Iwne  larger :  there  is  a  fabella  be- 

v^a^<>i  «vvh)\  1a  TW  tiltia  is  shorter  than  the  femur :  the  rotolar 
),^>ai  |H«\^hw<ril  thaik  in  the  Dog.    The  fibula  is  less  flatt- 
<s**t,Nl     <49i  K^^TT  haU\  and  more  independent  of  the  tibia  than  in 
•^n^  )VVv    I'W  MtuviiiwiAm  supports  a  rudiment  of  the  meta* 
MUix%  as  in  the  Dog :  thecaleaneal  ptt>oeM  is  shorter 

\  V<«^^*v^  I^A^^  th«  ^laTieular  bone  s.  The  homerus  per» 
I.  V.  ^\H\v  <W  iMu^r  (^Ntdj-lo,  hut  not  between  the  oondjles.  In 
«      %  supraspinal  fiissa  of  the  aoaimla,  ^l^is  1m 
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cleej)  than  the  infraspinal  one,  and  its  border  is  almost  uniformly 
convex :  the  acromion  is  bifid,  the  recurved  point  being  little 
larjrer  than  the  extremity  or  anterior  point.    A  supplementary 
ossicle  is  Avedged  in  the  interspace  between  the  ])rominent  end  of 
the  scapho-lunar  bone  and  the  proximal  end  of  the  metacarpal  of 
the  pollex.    The  ilia,  fig.  342,  c,  are  long  and  narrow,  but  thick ; 
|>1aced  so  obliquely  upon  the  vertebra?,  «,  as  to  form  an  angle  of 
about  155°  with  the  lumbar  series :  the  ischia,  <?,  are  also  long 
and  directed  on  the  same  antero-j^sterior  plane  :  the  length, 
ridged  strength,  and  great  obliquity  of  the  *  innominate  *  bone, 
aflford    powerful  attach- 
ment  and  advantageous 
leverage  to  the  muscles 
acting    upon    the  hind 
limbs.    The  boundary  of 
the  ischiatic  notch  is  fee- 
bly marked  at  ff.  The 
pubis  is  short,   but  the 
ischio-pubic  symphysis, 
is   long :    the  ilio-pubic 
angle  is  120°  in  the  Litm. 
The  posterior  exceeds  the 

1    .  >i   ^    •  PcItU  of  the  Lion,  tide  tIcw. 

antenor  pelvic  outlet  m 

size.  The  os  penis  exists  in  all  Carnivora,  and  is  remarkably 
developed  in  Bears  and  Seals. 

The  pollex,  in  the  Felines,  is  retained  on  the  fore-foot,  and,  like 
the  other  toes,  is  terminated  by  a  large,  compressed,  retractile 
imgual  phalanx,  fonning  a  deep  sheath  for  the  firm  attachment  of 
the  large  curved  and  sharp-pointed  claws.  This  highly-developed 
iinguiculate  structure,  \vith  the  dental  system  and  concomitant 
modifications  of  the  skull,  completes  the  predatory  character  of 
the  typical  Carnivora. 

§  190.  Skeleton  of  Quadrumana, — The  Quadrumana  combine 
the  opposable  thumb  in  the  hind  limb  with  complete  clavicles, 
and  a  greater  relative  capacity  of  cranium  than  in  foregoing 
Gyrcnccphala.  The  orbits  are  tunicd  more  forward,  have  the 
bony  rim  entire,  and  in  most  of  the  order  are  partitioned  oflT  by 
bone  from  the  temporal  fossa.  In  no  Quadrumane  is  the  hyoid 
arch  complete,  or  articulated  by  bone  to  the  basis  cranii. 

To  the  Quadriiinanu  the  transition  is,  not  from  the  Oi/r-y  but 
from  the  Liss-  cncephuUu  For  promoting  the  Colugos  to  the 
Lemurs  the  grounds  are  almost  as  good  as  for  degrading  them  to 
the  Bats.    It  has  required  a  thorough  knowledge  of  the  structure 
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of  the  Aye-aye  to  gain  a  majority  against  keeping  Ckeirmm^ 
amongst  Ihe  mice.  Thesu^nlar 

llie  superior  brainnleTelopment,  especially  the  poeterior  e'Ktentam. 
of  the  cerebrum  over  the  cerebellum,  I  associate  with  the  Gyrr^ 
cephala^  and  by  the  hinder  thumb  with  the  Quadrumana ,  Cffftz^ 
great  diversity  in  dentition  and  minor  charat  t«  rs. 

A.  Vertehrai  Colunni.  -  -  A\\  Quadrumajin  have  the  seven  c«r-  * 
vical  vertebras.  In  ilie  Leuiurinc  or  Strepsirrhime  grouj*  lioc  | 
follow ing  are  the  numbers  of  the  other  vertebrae : — 


D 

l» 

• 

o 

IScr  14 

6or7 

Sar4 

18  or  19 

Tarmm  tpectnm  • 

13 

6 

SorS 

29  or  30 

Ckemmy*  madagaieainauu  . 

13 

6 

2  or  n 

22  or  ^3 

PercxUcticvs  Potfn  . 

1.1  or  16 

6  or  7 

2  or  3 

19  or 

Stettopti  Uirdiyradna  . 

16 

8 

3 

7  or  S 

t»     gr^KiUt    .      •  • 

14  or  15 

9 

S 

S  or  • 

OloliamPiH 

IS 

7 

S 

2S 

„          rni^'iirnwiaJtlU  • 

13 

6 

3 

91 

Lichnnotus  Imiri  . 

12  or  13 

8  or  9 

4 

10  or  1 1 

Targius  spectrum   .       .  . 

13 

6 

3 

29  or  30 

IS 

6 

SorS 

SSorS9 

The  majority,  including  the  type-lurm,  of  the  Lemuriflfp  thus 
have  19  dorso-lumbar  vertebrje:  the  slow  nocturnal  specieti  have 
longer  and  less  flexible  trunks,  approiiching  in  the  number  of 
dorso-lumbars— 24 — to  tlie  vertebral  characters  of  the  lis^-^ence- 
phalous  Sloths.  The  tail  is,  as  usual,  the  seat  of  the  greatest 
diversity  ;  the  slow  lemurs,  aj^ain,  in  the  shortness  of  this  tei'minal 
appendage,  recal  a  bradyj)odal  character.  In  Stomps  gracilis  a 
metapophysial  tubercle  Is  developed  on  each  of  the  twelve  ^^^tftrinr 
dorsals :  on  the  thirteenth  it  takes  the  place  of  the  diapophysis, 
and  in  the  fourteenth  extends  forward^  and  offers  an  articular  sur- 
&ce  for  the  outer  side  of  the  postzygapophysis :  it  has  the  same 
disposition  in  the  lumbar  series,  where  the  diapophyses  arc  serial 
repetitions  of  the  base  supporting  the  anchylosed  rib  in  the  first 
lumbar  yertebra.  The  succeeding  lumbars  slightly  decrease  in 
size  as  they  approach  the  sacrum.  No  centre  of  motion  of  the 
trunk  is  indicated  by  the  direction  of  the  dorso-lumbar  neural 
spines.  In  the  more  active  and  flexible-bodied  Lemwridm  the 
iTunk-vertebne  resemble  in  proportions,  connections^  and  direc- 
tion of  neural  spines  those  of  the  agile  Carnwwcu    In  X^emur 

•  See  cr,  p.  8,  pL  xi.  figs.  6,  7.  The  extension  of  the  cerebellum  over  more 
or  lesi  of  the  cerebrum  is  the  primary  and  more  constant  chararter  of  the  granp 
called,  from  the  secondarj  diaraeter  of  convdntioiui,  *  Gjrrencephak.'  1  he  smooth 
bnun  of  the  small  Honkej  {Midat  n^lmtaaut^  U  flgtired  in  lxit*.  to  yiaatnite  nich 
primaiy  character.  To  bo  coiisistent,  Mr.  Murray  would  have  to  remore  the  Hu^ 
moaeta  aa  well  as  the  Ualogos  to  the  Luectivora;  a.*  pp.  9  and  10. 
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nigrifons  the  metapophysis  begins  to  be  developed  in  the  middle 
dorsal  vertebra;,  and,  in  the  tenth,  projects  above,  but  distinct 
from,  the  diapophysis.  In  the  eleventh  the  diai)ophyses  have 
disappeared,  and  the  metapophysis  is  on  the  outside  of  the  prozyg- 
apophysis.  From  this  vertebra  a  well-marked  anapophysis  is 
developed,  which  is  continued  from  all  the  succeeding  vertebra;. 
The  diapophysis  reappears  upon  the  first  lumbar,  and  increases 
in  length  and  breadth  as  the  other  lumbar  vertebra;  approach  the 
sacrum.  The  centre  of  motion  of  the  back  is  indicated  by  the 
vertical  spine  of  the  tenth  dorsal  vertebra,  towards  which  those  of 
the  other  dorsal  and  of  the  lumbar  vertebra;  incline. 


343 


8kelel<JD  of  the  Ajr<>-a]re.  (Cheinmytniul(ij<ucari*HtU.)  B.  Quid  of  Potta 

In  the  Aye-aye  (  Clieiromys\  fig.  343,  the  true  vertebra;  describe 
one  slight  curve  convex  backward  from  the  middle  dorsal  to  the 
penultimate  lumbar,  beyond  which  there  is  a  slight  bend  in  the 
(•pjKhsite  direction  to  and  including  the  sacrum.  The  bodies  of 
the  dorsal  vertebra;  gradually  lengthen  and  deepen  as  they  vi\\- 
proacli  the  loins,  with  a  narrower  and  at  last  almost  carinatc 
under  surface.  The  diajmphysis,  longest  on  the  first  dorsal,  very 
gradually  shortens  to  the  eleventh,  where  the  beginnings  of  the 
mcta|x)phy8is  and  anapo])hysis  are  manifest.  These  processes 
become  widely  separated  in  the  twelfth  and  thirteenth  dorsals, 
and  the  diapophysis  is  lost.  The  neural  spines  are  of  equal  length 
throughout  the  dorsal  series.   The  vertical  one  is  on  the  eleventh 
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donal,  towards  wHcb  tlie  rest  oC  the  dorBO-lninbar  secies  sliglitljr 

incline. 

The  vertcbrnc  g:o  on  incrcasinj^  in  size  to  the  fifth  of  tlie 
lumbar  series, — tlic  diii}>ophyses  more  especially,  which  reconj- 
mcnce  in  the  first  hunbar;  these  processes  are  directed  forward, 
and  downward,  as  well  as  outwiiid,  are  truncate,  with  the  antcriur 
angle  a  little  pruiluccd  ;  that  of  the  last  lumbar  is  similar  in  tehaj  ? 
and  direction,  but  is  smaller  than  the  two  preceding.     The  ann- 
pophysis  overlaps  the  front  mai  Lnn  of  the  following  vertebra 
the  fifth  lumbar,  in  which  it  becomes  too  short;  it  Reappears  in 
tilt'  sixth.    The  niotaponhysis  overhangs  the  back  part  of  the 
neural  arch  of  tin   priM  (Mlinf]^  vertebra.    The  neural   sj)iue  de- 
creases from  the  third  to  the  last  lumbar,  where  it  has  li  lines 
of  length.    The  last  two  ribs  join  their  own  centrum  cloric  to  the 
front  intervertebral  space;  the  rest  have  the  usual  intervertebral 
Articulation  of  the  head.    The  first  rib  is  the  shortest  (9  lines) 
and  thickest ;  the  others  increase  in  length  to  the  mnth,  sad 
then  gradually  shorten  to  the  thirteenth,  which  is  1  inoh  3  lines 
in  length.    The  tubercle  and  diapophyaial  articulation  esist  to 
the  eleventh  rib ;  the  twelfth  and  thirteenth  articulate  onlj  by 
the  head.    The  first  cartilage  articulates  with  the  manabrinm, 
the  second  to  the  seventh  inclusive  with  the  joints  of  bct^ 
stemebers,  the  eighth  with  the  seTenth^  and  the  ninth  to  the  joint 
between  the  seventh  and  eighth  stemeber. 

The  bodies  of  the  oerrical  yertebne  are  broad,  short,  and 
flattened  below  in  the  last  five.   The  last  three  have  no  neursl 
spines ;  there  are  tubercular  beginnings  of  these  in  iiie  fourth 
and  third ;  in  the  second  it  is  2  lines  l<»ig,  thiek,  and  produced 
anteriorly ;  in  the  atlas  it  is  as  a  smaU  tubercle.    The  seventb 
cervical  has  a  sunple  slender  diapophysis,  2  lines  in  length ;  in 
the  sixth  it  coalesces  with  the  tubercle  of  a  short  pleurapopliysis, 
also  confluent  by  the  head  with  the  centrum,  and  projecting 
outward,  backward,  and  downward,  >vith  an  obtuse  end.  The 
vertebral  artery,  in  its  forward  course,  enters  the  canal  between 
the  plcur-  and  di-apophyses.    The  plcuraj)ophysis  t^iiujjly  com- 
pletes that  lx>ny  canal  in  the  fifth  cervical,  making  a  short  an- 
gular projection  outward  and  forward  m  the  fifth,  fourth,  and 
third  cervicala.   The  low  liat  neural  arch  is  uairowest  in  the  fifth. 
The  shape  and  disposition  of  the  zygaj>ophyses  give  an  imbricate 
character  to  the  union  of  tliose  arches  in  the  last  bix  cervicals. 
The  bocly  of  the  axis  is  carinate  below ;  that  of  tlie  atlas  has 
the  usual  state  of  an  *  odontoid  process;*  the  hy]iapophyFial  hai* 
uniting  with  the  ncurapophysial  pillars  or  crura  of  the  atlaa  is 
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carina  to.  ^Besides  the  wide  canals  for  the  vertebral  arteries  in 
the  *■  transverse  processes  *  of  the  atlas,  the  neural  arch  is  perfo- 
rated above  the  base  of  that  process  on  each  side  for  the  passage 
of  a  nerve. 

In  the  short-tailed  Indri  (Lichanotun  Indri)^  the  alias  has  a 
ahort  hypapophysis,  but  no  neural  sj)lne:  the  transverse  process 
IS  moderately  long  and  broad,  and  is  perforated  lengthwise  and 
vertioaUy  by  the  vertebral  artery,  which  afterwards  pierces  the 
neural  SLrcb.   The  transverse  process  is  perforated  in  all  the 
other  eervical  vertebne:  the  pleurapophys^  portion  of  that  of 
the  sixih  forms  a  broad  lamella  directed  downward  and  out- 
ward.   £ach  of  these  cervicals  has  its  hypaiK>phyaial  ridge  and 
neural  spine,  the  latter  moderately  long  and  slightly  increasing  to 
the  Beventh.    The  broad  neural  arch  is  fissured  behind.  The 
spines  of  the  dorsal  vertebne  are  continued  of  equal  length 
throughout  that  region,  and  have  the  same  direction.  The  dorsal 
diapophyses  support  each  a  metapophysial  tubercle,  which  aug- 
ments as  they  diminish,  and  seems  to  take  their  place  in  the  - 
eleventh  and  twelfth  vertebras,  the  ribs  of  which  have  no  tubercle. 
In  the  twelfth  dorsal  the  metapophysis  projects  from  above  the 
prozyjjra])0j)hy?5is,  and  is  continued  backward  uj>oti  a  well-deve- 
loped aiiajwphysis,  which  commences  at  once  in  that  vertebra, 
'      m\d  continues  to  l)e  developed,  althoiij^h  decreasinj^  in  length, 
to  the  penultimate  lumbar  inclusive.    The  metajxnihyses,  which 
are  prominent  in  the  anterior  lumbar  vertebra*,  irradnally  subside 
as  these  apj  roach  the  sacrum.    The  diapuplly^i^  has  a  low  rough 
tubercle  ou  Uic  first  lumbar,  which  is  developed  into  a  depressed 
))late  iTicreasInrr  in  length  and  breadth  as  the  succeeding  lumbars 
'       approach  the  sacrum.    A  s  in  the  true  Lemurs,  eight  pairs  of  ribs 
directly  join  the  steruumj  which  consists  of  seven  bones  and  an 
eusiform  cartilage. 

Kineteen  is  the  usual  number  of  dorso-lumbar  vertebras  in  the 
Platyrrhine  group,  the  Spider-monkeys  {Ateies)  offering  the  ex* 
ception  of  eighteen,  viz.  D  14,  L  4 :  the  varieties  which  have  been 
formulised  in  the  type-genus  Cebw  are  due  to  freedom  or  con- 
fluence of  pleurapophyses,  as  e.g.  D  it,  l  7,  Cehus  hypoleucus ; 
D  13,  L6,  C.  capucinu9\  D  u,  L  5,  in  most  Capuchins.  The  tail 
is  long  in  all,  and  prehensile  in  most  Platyrrhines ;  it  rarely 
hss  BO  few  as  18  {Calliihrix  seiureut  and  C.  Spixii),  usually 
'  30  vertebm,  or  upwards,  as  in  Ateles  paniteus,  which  has  33 
csudals. 

In  the  little  Ouistiti  {HapaU  Jaeehu$)f  the  accessory  tubercle 
appears  upon  the  middle  dorsal  vertebra ;  it  divides  into  met-  and 
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aiuipopbysos  on  the  tenth  dorsal,  where  a  diapupbyj^ial  promlneiv^ 
still  articulates  wiih  the  tubercle  of  the  rib.  The  diapophrrie 
disappears  in  tlio  succoediiit;  dorsals  in  which  the  met-  and  an- 
ajM)physes  lu  ooTHO  distinct  and  remote,  with  ])ro<rres.sive  increajK; 
of  size.  The  diapophysis  reappears  in  the  firs«t  lumbar  as  a  sl»Tt 
do})res?od  process,  and  increases  in  leuL^^tli  and  brearith  to  th- 
penultimate  lumbar.  In  this  vertel»ra  tlie  aiiapopiiyi^i-  Kec^»m«  « 
nnu  h  sliorter,  and  almost  disappears  in  tlie  last  luml»iir.  Tht 
transverse  process  of  the  atlns  is  perforated  len£^thwi«e  aiul  ver- 
tically by  the  vertebral  artery,  and  the  neural  arch  is  perforata]. 
The  bodies  of  the  succeeding  cerWcals  are  produced  posteriorlr 
into  a  convex  promineiice  which  fits  into  a  concavity  on  the  fore 
part  of  the  centrum  behind.  Eight  pairs  of  ribs  direcUjr  arti- 
culate with  the  sternum,  which  consists  of  seven  bones. 

In  the  Capuchin  {Cebus  capuchius),  the  tubercles  representing 
met"  and  an-apophyses  project  distinctly,  the  one  from  the  fore 
part,  the  other  from  the  back  part,  of  the  diapophysis  of  the  fifth 
dorsal :  tlicy  progressively  increase  in  size,  and  become  quite  dis- 
tinct in  the  thirteenth  dorsal,  in  which  the  metapophjais  has 
risen  upon  the  anterior  zygapophysis.  The  anapophyses  contiiras 
to  be  developed  to  the  penultimate  lumbar.   The  diiqpophysa 
progressively  increase  in  length  from  the  first  to  the  last  lvtii|)btf 
vertehrs.    Hiemal  arches  are  articulated  to  the  inferior  inters 
spaces  of  the  six  anterior  caudals^  and  are  supported  bj  distinct 
hypapophyses  from  the  fourth  caudal,  which  processes  continne 
to  be  developed  after  the  hssmapophyses  have  ceased  to  be  bo. 
Nine  pairs  of  ribs  articulate  directly  with  the  stemiuDj  which 
consists  of  seven  bones  and  an  enriform  cartilao^e. 

In  the  black  Spider-monkey  {Aieles  niger)^  the  tuberosity 
above  the  dorsal  diapophyses  becomes  a  ridge  in  the  eleventh 
dorsal,  and  is  produced  forward  into  an  ane^ular  metapophysis : 
in  tlie  thirteenth  dorsal  it  is  ])roduccd  to  the  same  extent  back- 
Avaiil  into  an  ana|>ophysis :  in  tlie  fuurteenth  dorsal  thc?e  pro- 
cesses arc  distinct  and  well-developed,  but  the  diaj/upliysis  has 
disappeared.     The  aua|)()physis  is  developed  from  the  firet  and 
second  lumbar  vcrtehraR,  and  the  dia])ophvsis  from  all  the  lum- 
bars,  progressively  iucreasincr  tn  the  penultimate  one.    A  pair  of 
hypapophyses  begin  to  he  de\r]ii|ted  iVom  the  fifth  caudal,  and 
increase  in  size  in  the  sixth  and  seventh.    The  haemal  arch  is 
anchylosed  to  these  processes  in  the  eighth  and  ninth  caudal«, 
but  the  hypapophyses  continue  to  he  developed,  without  the 
addition  of  that  arch,  throughout  the  succeeding  caudal  vertebnc 
The  anterior  zygapophyses  disappear  in  the  ninth  caudal^  but  the 
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metapophyscs  which  support  them  in  the  preceding  caudals 
continue  to  be  developed  to  near  the  end  of  the  tail.  The 
diapophyses  are  single  on  each  side  in  the  seven  anterior 
caudals,  but  are  divided  into  an  anterior  and  posteiior  portion 
on  each  side  of  the  vertebra;  throu^hoai  the  rest  of  the  laii. 
Tlic  third  to  the  isixth  cervical  vertebrie  inclusive  show  an 
imterior  concavity  and  a  posterior  convexity  of  the  articular  ends 
of  tlie  centrums  in  the  transverse  direction,  an  anterior  convexity 
and  posterior  concavity  in  the  vertical  direction*  ])roducing  an 
interlocking  joint,  combining  strength  with  freed<»ni  of  motion, 
and  analogous  to  that  in  the  neck  (»f  birds.  Tlie  uiapuphyslal 
part  of  each  transverse  process  is  a  broad  depressed  ])lat€,  with  its 
mitcrior  margin  f)roduced,  and  j^rogressively  increasing  in  size 
from  the  third  to  the  sixth  vertebra.  A  simihir  increase  is  pre- 
sented by  the  neural  spines,  especially  in  the  sixth  vertebra.  As 
in  the  Capuchins,  the  transverse  process  of  the  atlas  of  the 
Spider-monkeys  is  perforated  lengthwise  oidy  by  the  vertebral 
artery,  which  afterwards  perforates  the  neural  arch.  The  atlas 
luia  a  hypajKjphysial  ridge,  and  the  axis  sliows  a  corresponding 
tubercle.  Nine  pairs  of  ribs  articulate  directly  with  the  sternum^ 
which  consists  of  eijxlit  Ijones  and  an  cnsiform  cartilajje. 

The  vertebral  eohnnn  of  the  Phityrrhine  Quadrununin  is  tlio 
seat  of  greater  and  more  imptirtant  varii'ties  :  tlje  caudal  jwr- 
tion  is  re<hiced  to  a  stunted  '  coccyx,'  tlie  Uunbar  region  is 
shortened  and  strengthened,  and  the  sternum  is  composed  of 
fewer  and  broader  bones  in  the  Apes  properly  so  called.  In  the 
Monkeys  and  Jiaboons,  the  dorso-lumbar  vertebnc  are  nineteen 
in  number  as  a  rule,  either  D  is,  L  ft,  or  D  li,  L  7.  The  iatter  is 
the  common  formula  in  the  Macacques :  the  caudals  yaiying  from 
upwards  of  20  in  Macacus  radiatus  to  15  in  M.  rhesus^  and  being 
reduced  to  3  or  4  in  ilf.  inuus.  In  the  Baboons  (  Cynocephalus)^ 
the  caudals  also  vary  from  25  in  C.  porearim  to  10  very  small 
and  8tuntc<l  vertcbnr  in  the  Mandril  (  C  papt'Of  fig.  344).  In  this, 
•6  in  the  Black-faced  Drill  (C.  porcarius)  and  Thoth  (C  Thoih), 
the  dorso-lumbar  vertebnc  are  reduced  to  r)  12,  L  6.  An  an* 
apophywal  tubercle  is  developed  from  the  diapophysis  of  each 
donal  vertebra,  increasing  in  length  to  the  two  last,  in  which  it 
has  an  independent  origin.  The  metapophyaia  is  suddenly  de- 
Teloped  from  the  tenth  dorsal,  and  presents  an  articular  surface 
to  a  second  facet  on  the  outer  side  of  the  hinder  zyga[>ophy8i8  of 
the  vertebra  in  front.  The  anapophyses  continue  to  be  developed 
from  all  the  lumbar  vertebrie,  progressively  decreasing  as  these 
approach  the  sacrum,  and  appearing  in  the  last  as  a  mere  ridge 
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on  the  upper  part  of  the  base  of  tlie  diajwphrsis.  The  bomotvpal 
ridge  may  be  rccoginsed  on  the  first  sacral  vertebra.  There  lire 
rudiments  of  hypajKjphyaes  on  the  middle  caudal  vertebne. 
Seven  pairs  of  ribs  articulate  with  the  sternum,  which  consisu  of 
seven  bones  and  an  cnaiform  cartilage.  The  transverse  pruce^ 
of  the  atlaa  is  perforated  lengthwise  md  vertical! jr  hj  the  verte- 
bral arterj;  which  afterwarda  pierces  the  neural  arah  :  the  n^izal 
Bjune  ia  represented  by  a  small  tubercle^  and  there  is  •  ^/p^P^ 
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phjsial  ridge.  The  centrum  of  the  axis  is  much  produced  back- 
ward,  underlapping  that  of  the  third  vertebra:  this  character  ii 
gradually  lost  in  the  succeeding  vertebr» :  the  transycrse  process 
of  the  axis  ends  in  two  tubercles.  The  lower  (pleuraiwphvsUr) 
divuiion  of  the  process  is  compressed  in  the  third  ccrvic4iU  and  be- 
comes developed  into  a  plate,  progressively  increasin*r.  ami  di- 
proportionately  so  in  the  sixth  cerviciU:  it  is  alwicnt  in  tlio 
seventh  cervical^  the  transveree  process  of  which  is,  lu^vi  vcr, 
still  perforated  by  the  vertebral  artery.    The  neural  bpiuc«  arc 
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Bindplc,  and  increase  in  length  from  the  third  to  the  Bcvcntli 
cervicals.  Those  of  the  dorsal  vertelniii  are  longer  and  stronger, 
but  diminish  in  length  as  they  approach  the  luiud ;  that  of  th^ 
tenth  inilicatcs  the  centre  of  motion  of  the  trunk. 

In  the  Pig-tailed  Macacque  {Macacus  nemcstrinus),  the  atlas 
has  a  strong  hypainjphysis,  but  no  neural  spine  or  tulierclc  :  the 
transverse  process  is  perforated  oV;iifpicly.  The  back  puii  of 
the  centrum  of  the  axis  is  much  pioduet  d  ;  that  of  the  third  cer- 
vical is  less  jiroduced.  The  S}»ine  of  the  axis  is  long  and  bent 
backward.  A  pieurapophy?ial  j)late  extends  obliquely  from  the 
transverse  processes  of  the  third,  fourth,  and  fifth  cervirals,  and 
projects  downward  and  outward  as  a  distinct  broad  plate  from 
that  of  the  sixth  vertebra.  The  luig  and  simple  tnnisvcrso  pro- 
cess of  the  seventh  is  not  perloruted  }>v  the  vertebral  artery. 
Meta]>ophysial  tul)ercles  are  developed  upon  tiie  diapophyscs  of 
the  second  and  succecdinj;  dorsal  vertebne,  increasinj;  in  distinct- 
ness  and  size  to  the  tenth  :  in  the  eleventh  the  ana])ophy8e8 
become  separate  processes,  and  the  metapophyses  develope  a  facet 
for  the  accessory  articular  surface  of  the  posterior  zygapophysis 
of  the  tenth  vertebra.  This  additional  interlockinj;  is  continued 
to  the  aotepeDultiraate  lumbar,  the  joint  being  Airthcr  strength- 
ei^ed  by  the  underlapping  of  the  long  aaapophyses :  these  dis- 
appear in  the  last  lumbar.  The  diapophysis  is  a  rudimental 
ridge  in  the  last  dorsal^  but  becomes  a  distinct  depressed  sharp 
plate  in  the  first  lumbar,  and  progresaively  increases  in  ate  with 
an  antroverted  direction  in  the  succeeding  lumbar  vertebras. 
Eight  pairs  c»f  ribs  artioolate  directly  with  the  8teniuni»  which 
consists  of  eight  bnncf^  and  an  ensiform  cartilage. 

The  Doucs  {Coiobui,  Nasalis,  Semn<fpithecus)  have  commonlj 
D  is^  I.  7 :  bnt  sometimes  D  is,  L  s  {S,  melalophu).  In  Semno~ 
piiheeus  Entellus,  the  cervical  transverse  processes  incline  down- 
ward !  their  plenrapophysial  divisions  from  the  second  to  the  sixth 
increase ;  but  this  part  is  wanting  in  the  seventh,  and  the  trans- 
verse process  is  imperforate.  The  accessorj  tubercle  is  well 
developed  on  the  diapophysis  of  the  ninth  and  tenth  dorsals ;  the 
diapophysial  part  disappears  on  the  eleventh  and  twelfth  dorsals, 
in  which  the  accessory  tubercle  becomes  divided  into  well-marked 
meU  and  an-apophyses*  The  diapophysis  reappears  on  the  first 
lumbar,  and  progressively  increases  to  the  antepenultimate  one. 
The  metapophysis  exists  as  an  elongated  tubercle  outside  the 
prozygapo[>liysis  from  the  eleventh  dorsal  to  the  last  lumbar^i 
and  the  anapophysis  is  present  from  the  tenth  dorsal  to  the  sixth 
lumbar.    The  hssmal  arch  is  present  in  a  few  of  the  anterior 
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caudal  vertebnc.    Seven  pairs  of  ribs  directly  articulate  wiA  ^ 

gterniirn,  wliicli  consists  of  six  bones,  slender  as  in  all  pre%iuii^ 

In  tlie  Gibbons,  Avith  i)  u,  the  lumbar  vertebrae  are  5,  savt  'im 
Hylufxttes  S7f7irffirfi//tfs,  fig.  189,  where  they  are  reduced  to  4.  Ln 
the  Silvery  (.iiljluni  ( //.  l(  urisrus),  the  transverse  process  of  tk^r 
atlas  is  only  ])errorat('d  lengtlnTise  and  the  neural  arch  grfH.vr^] 
by  the  vertebral  artery.  A  j)leiirapo))hyf«ial  part  of  the  tratii— 
verse  process  becrins  to  project  forward  oii  the  fiftli  cervical,  an-d 
becomes  a  distinct  and  larger  depressed  plate  on  the  sixtli :  tlie 
transverse  pnu'c-^s  of  flic  seventh  is  a  simple  diapophysis,  and  i« 
ini])erforate.  Tlie  iiu  l :ip<>]>h ysls  and  anapophygim  become  distinct 
in  the  twelfth  dorsal,  and  diverge  from  each  other  with  increa^^ 
of  size  in  the  thirteenth.  The  anapophysis  disappears  in  the 
lumbar  vertebra;,  whilst  the  dinpophysis  reappears  and  the  met- 
apophysis  is  retained.  The  interloddng  joints,  common  to  the 
preceding  Quadrumana  with  Camivaraf  here  and  henoefoilii 
cease.  Seyen  pairs  of  ribs  directly  join  the  sternum,  which  coa- 
sists  of  the  manubrium,  the  body,  which  consists  of  two  or  more 
anehylosed  broad  and  flat  bones,  and  a  slender  bony  base  of  the 
*  ensiform  cartilage.'  Two  pairs  of  ribs,  and  part  of  a  third  pair, 
articulate  Avith  the  manubrium. 

In  the  Siamang  {H,  syndaetylus,  fig.  189),  the  last  dorsal  shows 
well  the  separate  diapophyses,  metapophyses,  anapophysea,  and 
cygapophyses,  more  particularly  the  distinction  between  the  an- 
terior zygapophysis  and  the  now  superadded  metapophysis.  The 
diapophyses  are  broad  depressed  plates,  progressively  increasiDg 
in  the  first  three  lumbar,  whilst  the  anapophyses  H^miTii^h  and 
di8api)ear  on.  the  third  lumbar.    The  metapophysis  recedes  fitun 
the  anterior  zygai>()physiB  in  the  last  lumbar,  and  becomes  quite 
distinct  from  it  in  the  first  sacral,  in  which,  neyertheless,  the  ai^ 
ticular  surface  of  the  zygap(j]jhysis  has  a  nearly  vertical  poeition. 
The  sacrum,  by  its  grater  breadth  aud  the  number  of  vcrtebrsc 
forming  it,  indicates  the  nearer  affinity  of  the  •  JSiauiaug,  tluwi  uf 
other  Gibbons,  to  the  Orangs. 

In  the  Orang-utan  {Pithccm  Satyrns),  tlie  vertebral  formula 
is:^ — 7  cervical,  12  dorsal,  4  or  5  lumbar,  5  or  0  sacral,  2  or  3 
caudal.  The  transverse  process  of  tbc  atlas  is  bitnbcrculate,  and 
is  perlbrated  lengthwise  by  the  vertebral  artery,  which  afterwarus 
grooves  the  neural  arch :  there  is  a  low  hypapophysial  tuheicle, 
but  no  neural  sj)ine.  The  transvense  process  of  the  axis  is  deeply 
grooved,  but  not  perforated  :  consisting  almost  entirely  of  the 
plcurapophysial  ix)rtiun.    In  the  third  vertebra  the  two  portions 
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of  tlie  trnnsvcrso  process  are  iinitt  l,  (  xternal  to  the  perforation  by 
the  vertel)ral  arterv.    In  tlie  loiirtii  cervical  tlie  ])leurapophy8ial 
part  projects  distinctly  below  the  diapophysial  part,  and  pronres- 
sively  diverges  in  the  fifth  and  sixth,  increasing  in  size,  esj)eciaUy 
in  the  latter,  -without,  however,  acquiring  that  antero-posterior 
breadth  which  gives  it  the  lamelliform  character  in  the  inferior 
ajies.    The  transverse  process  of  the  seventh  cervical  consists 
of  the  diapophysiB  only,  and  is  grooved  below,  not  pexfonted,  hj 
the  rertebral  artery.    The  distinct  nature  of  the  equally  simple 
transverse  process  in  the  second  and  seventh  cervical  vertebra;  of 
tbia  Orang  is  well  shown  by  their  different  relative  positions  to 
the  groove  with  which  the  vertebral  artery  has  impressed  them. 
The  neural  spine  of  the  axis  is  bifurcate ;  that  of  the  third 
cervical  is  simple,  long,  and  slender;  those  of  the  succeeding 
oervicals  are  still  longer,  and  progressively  increase  in  thickness 
as  Avell  as  length.    The  metapophysis  appears  as  a  tubercle  near 
the  base  of  the  anterior  zygapophysis  of  the  twelfth  dorsal :  it  is 
equally  distinct  on  the  first  lumbar,  but  subsides  to  a  slight  emi- 
nence on  the  succeeding  lumbar  vertebras*    The  anapophysis  is 
only  distinguishable  from  the  diapophysis  upon  the  first  lumbar 
vertebra ;  it  is  not  so  developed  as  to  interlock,  but  serves  to  illus- 
trate the  relation  of  the  diapophysis  of  that  vertebra  to  those  of 
the  antecedent  dorsals  and  the  succeeding  lumbars.  The  spine  of 
the  third  dorsal  has  an  anterior  and  posterior  prominence:  the 
succeeding  Bpines  gradually  diminish  in  length,  but  increase  in 
breadth  and  antero-posterior  extent  to  the  penultimate  lumbar. 
Seven  pairs  of  ribs  directly  articulate  with  the  broad  sternum, 
which  consists  of  the  manubrium  and  four  pairs  of  ossicles,  the  two 
lower  pairs  of  which  have  coalesced*  The  manubrium  is  relatively 
shorter  than  in  the  Gibbons,  and  receives  only  the  first  and  part 
of  the  second  pairs  of  ribs.   As  a  rule,  the  number  of  dorso* 
lumbar  vertebrae,  in  Pitheeui,  is  16:  that  of  the  sacco*caudal 
vertebra)  8.   The  first  rib  is  less  curved,  and  describes  a  smaller 
portion  of  a  circle  than  in  Man :  its  head  is  relatively  larger,  and 
is  supiiorted  on  a  shorter  neck:  it  has  an  CiMpltyais,  as  in  Man. 
The  distal  portion  is  relatively  less  ex])anded  than  in  Man.  The 
other  ribs  chiefly  differ  in  their  more  compressed  fom  and  their 
more  gradual  and  equable  curvature. 

In  the  Cfaimpaiizee  (  TroglodyteB  niger,  fig.  345),  the  vertebral 
formula  is : — 1  cervical,  13  dorsal,  3  or  4  lumbar,  or  6  sacral, 
and  2  or  3  caudal.  The  plcurapophysial  portion  of  the  transverse 
process  of  the  atlas  is  shorter  tlum  in  the  Orang,  and  has  not 
united  with  the  longer  diapophysial  division :  the  canal  for  the 
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Tertebnd  artery  is  thus  not  quite  cbeiimwsribed  by  We:  % 
artery  afterwards  pieroea  the  neural  arcli  on  the  le^  iide,at 
deeply  grooves  it  on  the  right  sideb  The  two  portions  «£  ib 
transrerse  process  of  tbe  axis  haye  ooaleeoed^  and  form  a  tlno 
tubercle  externally,  surrounding  the  Tertebral  artery :  this  tiibcr> 

increases  in  breaddi  in  the  third,  c 
in  lei^^  in  the  fourth  ;  in  the  ifiiii 
sends  a  distinct  tnberde  itslsv- 
party  and  the  answerable  pert  fins  a 
antrorertedj  obtuse,  breed  proecH  i 
the  nzth.    The  pleurapophjsial  cfe 
ment  is  wanting  in  the   eerenth,  h 
which  the  diapophysis  is  deeply  grooTr. 
below  for  the  vertebral  artery.  Tit 
spines  of  the  4 — 7  cervical:^  are  Jor; 
and  simple.    A  metapophysis  may  U 
distinguished   in    the    eleventh  ^tj-: 
twelfth  dorsals,  which  becomes  di^tinn 
from  the  diajmphysis  in  the  tliirtccLri?, 
and  projects  from  the  outside  of  th 
prozygapophysis  in  all  the  lumbar  ver. 
tebras.    The  diapophyses  are  longest 
in  the  first  and  second  lumbaiSy  ait 
shortest  in  the  third,  and  are  atigmen* 
ted  in  the  fourth  by  the  developemcut 
of  a  thick  anapophysis  at  their  back 
part,  which  here  articulates  with  the 
first  sacral  Tertebra.  In  old  males  the 
fourth  lumbar  becomes  the  first  sacnl 
by  a  more  complete  coalescence.  Seres 
pairs  of  ribs  directly  join  the  atemoo, 
which  consists  of  fiye  flat  bones  and 
an  ensiform  part:  the  fourth  and  fiM 
bones  ha^e  coalesced:  the  maim- 
brium,  as  in  the  Orangs,  is  the  broad- 
est, and  receives  the  first  pair  and  part 
of  the  second  pair  of  ribs.    These  are 
shorter,    and    their    neck  relatively 
longer  than  in  the  Orang,  and  thej 
are  more  curved.    The  thirteenth  rib 
retains  a  distinct  articular  tubercle  and  neck. 

In  the  (rDrilla  (  Trof/loili/frs  GorlUn,  fig.  34C),  the  dorso 
lumbar  vertebne,  as  in  the  Chimpauzcej  aie  17  in  number,  tJie 
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liirteentVi  dorsal  answering  to  the  first  lumbar  in  Man,  with  the 
leurapophyses  retained  as  distinct  elements.    The  bodies  of  the 
Qiddle  dorsal  vertebras 
ire  shorter  in  propor- 
ioii  to  their  breadth; 
the     diapophyses  are 
thic\cer,  stand  more  di- 
rectly outward,  and  the 
costal     surfaces  are 
more  concave  and  ob- 
\oiig  than  in  Man;  the 
raetapophysis,  which 
projects   distinctly  in 
the   eleventh  vertebra 
in  Alan,  does  not  so 
appear  until  the  twelfth 
in  the  Gorilla.    In  the 
'  first  dorsal  the  diapo- 
physia  projects  directly 
'   outward;  the  propor- 
1   tionatc  increase  of  the 
'    centrum  is  greater  than 
'    in   Man ;   the  neural 
spine  is  less  obliquely 
bent  backward,  and  is 
thicker  antero-posteri- 
orly,  though  not  lon- 
ger; the  anterior  zyga- 
pophyses  are  more  pro- 
duced ; the  diapophyses 
are  broader  and  some- 
what shorter.    In  tlic 
eleventh    dorsal  the 
neural  spine  is  much 
expanded  at  its  extre- 
mity.   In  the  twelfth, 
there  are  distinct  and 
well-developed  meta- 
pophyses,  projecting 
from  the  fore  part  of 
the  diapophyses,  and 
overhanging  the  ante-  Qoriii«  {-rrogtodyut  aonua).  air 

rior  zygapophyses :  this  vertebra  corresponds  in  this  character 
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mth  the  devendi  of  the  Human  eabjecf.  The  aenrml  epiBe  k 
broader  andthkker,  especially  superiorly;  there  10  butoneeoilii 
surface  on  each  side ;  the  diapophyses  are  reduced  in  «»,  the 

metapophyses  equalliiig  them,  the  body  and  neural  spine  incicai 
ing.    The  thoracic  ribs  are  longer  and  thicker,  more  codtcx  m 
their  inner  side,  with  the  subcostal  groove  not  defines! ,  exo<  pt  m 
two  or  three  of  the  longest  ribs  near  their  vertebral  end  ;  i  Le  neci  ■ 
is  shorter  aud  thicker  tlian  in  Man  ;  the  longe;*!  rib  is  one  f<KT»t  fow 
inches  in  length, — that  of  the  h)ngcst  rib  in  an  avt  raufe-^izeil  uxlj 
being  thirteen  inches.  The  mauubrinm  stemi  is  much  br«  >n4lt.T  tfcar 
in  Man  (fi<r.  1^*^ ),  and  less  deeply  excavated  for  the  cla\  i<  !f*^  :  thf 
three  or  fuur  steriicbers  which  coalesce  to  form  ilic  '  h<Ki  v  rht 
breast-bone  have  a  like  character.    The  cervical  vertt-brse  li^drf* 
nio.st  from  the  Human  in  the  extraordinary  length  of  the  spiufs- 
of  the  last  five  vertebrae ;  that  of  the  fourth  cervical  is  not  lesi^ 
than  three  inches  and  a  half ;  the  spines  of  the  ^ixtb  and  >e\  (*ntl 
cervicals  gradually  decrease  in  length  and  increa>e  in  thick ru  -*- 
the  spine  of  the  dentata  is  trihedral,  the  surfaces  In  in:^'^  ih  vuic^ 
by  produced  sharp  ridges:  the  canal  for  the  vertebral  arter^'  dt^ 
creases  in  diameter  from  tlie  sixth  forward  tn  the   atlas.  Tbc 
iKidies  of  these  vertebr®  are  longer  in  |»ro|Miriioii  to  tluir  hrmt^th 
than  in  Man,  and  the  lower  (plenrapophysial )  part  «>f  ihv  tmrvr- 
verse  process  of  the  sixth  is  more  suddenly  increased  in  length 
and  breadth,  and  diverges  more  from  the  npj>er  diWsion  of  tlie 
Fame  ])rocess.    The  atlat^  is  narrower  than  in  Man,  w  ith  a  widtT 
neural  canal,  especially  between  the  condyles,  whicli  are  smaller 
than  in  Man.    An  obtuse  j)rocess  is  developed  ba.-kwanJ  fraia 
the  part  representing  the  body,  which  is  broader  than  in  Mao; 
the  perforation  of  the  transverse  process  is  smaller,  and  that  pn>- 
cess  is  narrower,  especially  vertically ;  the  groove  b<;hiiid  tbe 
upper  articular  processes  is  deeper  and  narrower.    The  aJCKs 
dentata  differs  chiefly  in  the  greater  size  of  the  neural  canal,  and 
in  the  greater  length  and  less  breadth  of  the  neural  spine;  dbe 
zygapophyses  are  smaller,  the  transTerse  proceseea  are  more 
directly  perforated  by  the  arterial  foramina,  and  the  diapophyfea 
are  more  prodm  *  d. 

In  the  first  lumbar  vertebra,  fig.  346^  2,  the  metapophydb  ia 
Btill  large  and  distinct;  the  anterior  zyga])ophysis  becomes  mora 
convex  and  oblique  in  position  ;  the  diaiiophyais  is  auddenlj  eloii- 
gated,  aa  compared  with  that  of  tlie  correepondiiig  (aecoBil) 
Human  lumbar  vertebra;  the  chief  difilrenco  is  «cen  in  the 
Bmaller  size  of  the  neural  canal  which  relates  to  the  infennr 
developement  of  the  lower  extremities.   The  same  dtfierenoe 
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obtains  in  the  second  (3,  answering  to  the  third  Human)  lumbar 
vertel)ra  ;  the  diapojihyses  arc  broader  and  more  depressed  in  the 
Oorilla  ;  a  fossa  divides  the  anterior  zygaj^physis  from  the  meta- 
pophysis ;  the  centrum  is  as  broad  as  in  Man,  but  is  deeper  and 
longer ;  the  neural  spine  extends  more  obliquely  backward,  and 
its  expanded  apex  is  bifid.  In  the  third  lumbar  vertebra,  4,  the 
difference  is  very  striking  in  the  minor  expanse  of  the  centrum 
in  the  Gorilla,  especially  behind,  in  the  much  smaller  and  more 
depressed  form  of  the  neural  canal,  in  the  shorter  and  broader 
diapophysis,  the  more  distinct  metapophysis,  in  the  convex  an- 
terior and  more  approximated  posterior  zygapophyses,  and  in  the 
j^reater  length  of  the  centrum.  In  old  males  this  vertebra  is 
included  by  the  ilia.  The  whole  series  of  true  vertebraj  in  the 
Gorilla  form  but  one  curvature,  which  is  slightly  concave  forward, 
especially  in  the  dorsal  region. 

The  sacrum  departs  in  a  greater  and  more  instructive  degree 
from  the  Human  type  ;  it  consists  of  five  or  six  anchylosed 
vcrtcbne,  but  they  are  longer  and  narrower  than  in  Man,  and 
present  a  very  slight  curve,  with  the  concavity  forward ;  the 
neural  foramina  are  much  smaller,  the  neural  spines  much  more 
developed,  and  coalesce  to  form  a  single  strong  bony  ridge,  ex- 
tended over  and  gradually  subsiding  on  the  last  sacral  vertebra, 
the  neural  arch  of  which  is  entire  ;  the  first  sacral  vertebra,  ib.  5, 
answers  to  the  fifth  lumbar  in  ^lan ;  the  zygapophyses  are 
smaller,  but  the  mctapophyses  are  present  and  well  developetl. 
The  posterior  outlets  for  the  sacral  nerves  are  very  small,  and 
the  whole  neural  canal  is  much  more  contracted  than  in  Man. 

B.  IVie  SkulL — The  skull  of  the  Aye-aye,  fig.  343,  in  com- 
parison >vith  that  of  lower  mammals  of  similar  size,  is  remarkable 
for  the  large  proportion  of  the  cranium  to  the  face,  and  the 
extreme  shortness  of  the  latter  in  advance  of  the  orbits.  Its 
profile  contour,  from  the  upper  border  of  the  foramen  magnum, 
curves  rapidly  from  the  occipital  to  the  parietal  region,  and  is 
continued  with  a  bold  convexity  to  the  root  of  the  nose,  whence 
it  slopes  straight  to  the  nostril.  The  cranium  is  still  more  con- 
vex transversely  ;  it  expands  a  little  in  advance  of  the  lambdoid 
ri<lge,  and  gradually,  but  very  slightly,  contracts  to  the  post- 
()rl)ital  j)roces8e8 ;  these,  meeting  with  the  malars,  complete  the 
rim  of  the  orbit,  which  opens  widely  beneath  that  part  of  the 
frame  into  the  temporal  fossa. 

In  the  complete  circumscription  of  the  rim  of  the  bony  orbit 
Chiromyx  exemplifies  its  quadrumanous  aflBnity ;  whilst  it  shows 
the  special  family  to  which  in  that  order  it  belongs  by  the 
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deficiency  of  the  wall  partitioning  the  orbital  from  the  tempr: 
cavity.   The  Lcmui  f^,  in  this  defect,  iiulicate  the  transition  v» 
lower  uiifrnicuiatc  Me nuf/{!lia ,  the  Galeopffher?fs.  iif^.  253.  cffen^ 
the  last  »tep  by  the  incomj)leteness  of  the  orbital  fram^-riv; 
behind.    The  outlook  of  the  orhlta,  in  the  Aye-aye,  obliiji. 
fonvard,  upward,  and  outward,  but  least  so  in  the  last  direct  i 
diflern  .siguificantiy  from  the  direct  outward  aspect  Otf  tlMMe^ii' 
defined  cavities  in  most  Rodents. 

The  basioccipital  extends  to  the  fore  part  of  the  large  tvmjai: 
bollfld,  to  abut  against  which  its  margins  are  slightly  produce, 
The  occipital  condyles  arc  long  and  narrow.  The  j>lnDe  of  tr. 
&ramen  magnum  forme  with  the  basioccipital  an  aii|^e  of  1 2  > 
its  aspect  being  downward  and  backward.  The  parcxmpitai  if  i 
low  eminence,  and  the  mastoid  in  front  of  it  is  hardly  rnore  pn- 
minent ;  neither  process  extends  freely  downward.  Xbe  super- 
occipital,  ib.  s«  is  a  thin  plate  moulded  on  the  middle  mod  latoil 
lobtt  of  the  cerebellum,  and  showing  outwardlj  th^r  reBpeetfn 
prominences.  The  petrosal  is  impressed  hj  llie  pit  for  the  cere- 
bellar  appendage. 

There  is  a  small  triangular  inteiparietaL   The  baaispfaeiMid  ■ 
expanded  by  a  large  sinus,  and  coalesces  with  tiie  preepheDatf 
The  alisphendd  deyelopes  the  ectopterygoid  ridge^  extendi^ 
from  between  the  squamosal  and  tympanic  to  the  outer  nde  of  lie 
entopterygoid ;  both  plates  are  imperforate.  The  natifbnn  prots- 
berances  form  deep  depressions  in  the  alisphenoid,  on  each  ^ 
the  flat  square  platform  of  the  cranial  surface  of  the  basisphenoiJ, 
in  the  middle  of  which  is  the  subcirciilar  pituitiiry  pit.    There  are 
no  clinold  processes.    The  alisphenoids  )o\n  the  jiarietals,  which 
contribute  the  greatest  share  to  the  formation  of  the  calvarium. 
The  tympanic,  coalescing  with  the  petrosal,  is,  together  with  tLat 
element,  expanded  into  an  oval  bulla  on  each  side  the  hasi- 
sphenoid.    The  parietals,  7,  impressed  from  within  to  transparent 
thiinu  -s  by  the  lon<ritudinal  convolutious  of  the  cerebrum^  do  not 
exccc(i  iialf  a  line  iu  thickne??  olsewhere. 

The  coronal  sntnro  crosses  tlie  cnuuinn  tiMTi>vc:>t'lv  three  Vuvs 
behind  the  postorhitals :  the  frontal  suture  remains,  as  in  otlu  r 
L€murid(B,  and,  like  the  sagittal,  it  is  a  harmonia.  The  fore  part 
of  the  frontals,  ii,  project  a  little  between  the  origin  of  the  nasa/s, 
and  also  between  the  nasals  and  maxiUaries ;  they  then  join  the 
lacrymals,  form  the  upper  half  of  the  inner  wall  of  the  orbit,  and 
unite  behind  with  the  orbitosphenoid,  alisphenoid,  and  parietal 
The  rblnencephalic  fossa  is  subcircular  and  large :  the  medint 
septum  is  produced  into  a '  crista  galli.*   The  frontal  sinustt  giT« 
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no  ootiraxd  indrntlon,  but  are  ezteiuiTe;  fbey  are  divided  from 
each  odier  by  a  mediaD  bony  aeptum ;  each  diviuon  communi* 
cates  with  the  nasal  ehamber  by  a  median  orifice  and  by  a  kteral 
one  irith  the  antrum.   The  nasals^  15,  join  above  with  the  frontals 
and  at  the  aides  with  the  premaxiHaries,  ss.    The  prcsphenoid  is 
short,  smooth  on  the  nnder  sur&ce^  and  conoave  there  trans- 
Terecly.  The  vomer  quickly  assumes  the  form  of  a  vertical  plate* 
with  the  free  hind  border  concave.   The  palatines  form  the 
hinder  third  of  the  bony  palate ;  the  suture  of  each  with  the 
maxillary  is  slightly  convex  forward :  they  are  divided  from  the 
inner  alveolar  wall  of  the  last  two  molars  by  a  groove  which 
deepens  into  a  fissure,  bounded  beyond  the  last  molar  by  the 
pter>  guid.   The  maxillary  forms  more  than  the  middle  third  of 
the  palate,  leaving  the  smallest  share  of  the  rocf  of  the  mouth  to 
the  premaxillary.  The  facial  plate  of  the  maxillary^  si,  extends  by 
a  narrow  produced  apex  to  the  lacrymal,  73,  but  is  excluded  from 
the  frontal  by  the  junction  of  the  lacrymal  with  the  premaxillary ; 
it  is  perforated  by  a  small  antorbital  foramen.  The  jireinaxillariea 
constitute  a  larger  share  of  the  facial  wall^  rising  as  high  as  the 
nasals,  between  which  and  the  maxillaries  they  interpose  a  broad 
plate,  circumscribing,  with  the  nasals,  the  external  lioslril.  The 
socket  of  thu  incisor  curves  iij)ward  and  backward  to  the  max- 
illary, in  which  it  is  continued  to  beneath  the  orbit.    The  malar 
bone,  26,     long  and  deep,  especially  below  the  orbit,  of  wliich  it 
forms  the  lower  half ;  and  where  it  bcnd>  outward  to  cxj)and  that 
cavity,  it  nnites  with  the  lacrvnuil  and  extensively  with  the  max- 
illary  anteriorly,  and  bifurcates  behind, — the  narrower  branch 
mounting  to  the  postorbital,  the  broader  one  continuing  back- 
ward to  the  squamosal,  27.     This  essentially  facial  or  maxillary 
clement  is  anchylt»sed  not  only  with  the  mastoid  and  petrosal,  but 
also  with  the  tympanic;  its  cranial  ])late  terminates  by  a  convex 
border  overlapping  the  contiguous  borders  of  the  alisphenoid  and 
parietal.    The  articular  surface  for  the  mandible  is  broad  nm\ 
llat,  save  where  it*  inner  border  bends  down  upon  the  side  of  the 
petro-tymjMmi(;  bulla.    There  is  no  ridge  behind  it  to  prevent  the 
free  movement**  of  the  mandible  backward  and  forward,  accom- 
panying the  rodenf  k  ti  it»  of  the  great  scalpriform  incisors:  in 
this  the  Aye-aye  diticrs  hum  other  Lemuridcr. 

The  mandible,  32,  ij  short  and  deep:  vmAx  ramus  is  compressed 
and  straight;  they  converge  at  an  acute  angle  to  a  short  ligament- 
ous symphysis.  The  c»>ndy le  is  sessile,  narrow,  rather  long,  convex 
both  across  and  lengthwise,  and  the  Utter  most  so,  looking  back- 
ward and  upwardy  and  placed  on  the  level  of  the  grinding-teeth. 
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The  thin  borden  of  the  asoendiog  nuung  diyei^  from 
djle  as  they  pass,  the  one  downward  and  inward  to  the  low  ogiW, 
and  the  other  forward  and  upward  to  the  better-mariced  asdaow 
advanced  eoronoid^  the  obtuse  end  of  which  is  nearer  tke  kit 
aaolar  than  Ihe  condyle.  A  slight  lidge  aboTe  the  angle  bcoa^ 
the  enrfiwe  for  mnaailar  insertion  behind ;  and  here  the  ai^  k 
a  litUe  inflected. 

In  the  Woolly  Lemur  {Idehanoiu*  hanger^  fig.  177)^  the  ( 
has  a  ahort  paroocipital  and  a  shorter  mastoid  process 
coalesces  with  the  base  of  a  large  petro-tympanie  boUa.  TW 
squamosal  is  perforated  by  a  yenous  foramen  anterior  to  ihr 
auditory  meatus.    The  nudar  extends  backward  almost  to  tk 
glenoid  cavity,  which,  as  in  fi>]lowing  Lemimdm,  la  defended  br 
a  posterior  ridge.    Hie  large  orbits  reduce  the  interrening  par 
of  the  frontal  to  a  narrow  channeL    The  premaziUarieB  m 
divided  anteriorly  by  an  angular  deft  separating  in  the  Mar 
degree  the  anterior  or  nud-incisors  firmn  each  other.     The  lower 
jaw  is  remarkable  for  the  great  production  of  its  bitiad  vai 
rounded  angle :  the  back  part  of  its  symphysis  is  also  produoeiL 
In  SUfuapM  ^aeiHSf  and  eqpeoially  in  Tarthts  spectrum^  tlk 
most  remarkable  feature  in  the  crsninm  is  the 
the  orbits,  which  are  closely  approximated  above  the  nasal  Ivjscn 
These  overhang  the  prcmaxillaries,  the  most  produce<l  pan 
which  forms  the  lower  boundary  of  the  external  nostril,  iVf-c 
which,  in  the  Slender  Lemur,  the  prcmaxillaries  ylopc  ^K^^^^Jwani 
and  backward  to  the  incisive  alveoli.     The  tempt>ral  ri<Iirejs  %tx 
widely  separated  alonjr  the  upper  part  of  the  gh»bular  cniiiiuiu, 
where  the  coronal  and  fron to-sagittal  sutures  intersect  oa<  h  other 

As  in  tlf^ 


347 


at  right  angles. 


Ave-ave  an<l  nu»>t  Lfmur- 
id(E,  the  cranial  huturcs  are 
*  harmonia\* 

In  tlie  Slow  Lemur  {Stf 
s.  r  .Vii;M!8s,ab»^A  I  'iCV*':^     nopa  tardiqrnfius  ).  the  «»rbir< 

are  less  ch»scly  apj»roxini:tti? 
than  in  the  Sfttmjts  tfrnciin. 
and  the  anterior  surtaeo  «>i' 
the  small  preniaxillaries  i.-* 
more  nearly  verticaL  Tlw 
vomer  divides  the  nostrils  to  their  posterior  ajierturcs. 

In  the  l*ott<)  {J\rodicticu.s\  fig.  347),  as  in  other  Slow  L.uMi->i 
( Sfciiops),  the  cranial  expansion  behind  the  meatus  audu«>nu» 
forms  one-third  the  length  of  the  skull,  owing  to  the  great  pco- 
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portional  sue  of  the  occipital  and  mastoid.  The  interorbital  space 
is  broader  than  in  Stenapt  tardigradtu. 

In  the  tme  Lemurs  the  facial  part  of  the  skull  is  more  pro- 
duced; it  is  formed  by  the  lacrymals,  nasals,  and  mazillaries ; 
the  premaxillaries  continuing  yerj  minute.  In  Lemur  Mamuo 
the  petrosal  has  a  large  and  deep  cerebellar  fossa :  a  short  ten- 
torial ridge  projects  anterior  to  this.  There  is  a  low  postclinoid 
ridge.  The  lateral  sinus  pierces  the  petrosal  where  it  joins  the 
parietal  and  meets  a  second  renous  channel  traversing  the  middle 
fossa  of  the  cranium  to  terminate  at  the  postglenoid  foramen. 
The  foramen  ovale  is  a  small  fissure  between  the  petrosal  and 
alisphenoid,  less  than  the  foramen  rotundum,  whicli  is  close  to 
the  foramen  lacerum  anterius:  the  outlet  of  the  i'oratiien  ovale 
is  in  the  Eustachian  fossa. 

The  grey  Lemur  (  CItirogaleus  griseus,  fig.  348)  has  the  more 
common  abbreviation  of  the  antorbital 
part  of  the  skull,  in  wliich  the  lacry- 
mal  foramen  is  conspicuous.  The 
malar  is  perforated  by  the  '  iiervus 
subcutaneus  mala\'  The  coronoid  pro- 
cess of  the  mandible,  well  developed 
in  all  L<'ini(n'(/(P,  is  here  very  high. 

The  anterior  cornua  of  the  hyoid, 
Ill  (  lunroint/.s  and  oXhcv  J.emuri<icpj  are 
longer  than  the  (>osteri(>r,  and  iiielude  epi-  and  cerato-hyals,  sup- 
porting a  ciirtilaginous  8tyh)-hyal. 

In  the  Platyrrhines  the  eraninm  is  ]>r<>|)ortionally  hirger  and 
the  jaws  less,  as  the  specie^i  are  smaller  in  size  :  they  thus  ex- 
emplify the  immature  characters  of  the  larger  species.  The 
cranium  is  more  ghibular,  the  occiput  more  protuberant,  the 
*  foramen  magnum  '  more  advanced  in  position,  and  witli  a  more 
downward  twpect,  in  the  Marmosets  (Jacchus),  and  Ouistitis  or 
Ti-tis  (  Callitlirix),  than  in  the  Howlers  {Mycetes),  The  frontal 
suture  is  obliterated  in  all,  and  the  single  bone,  thence  resulting, 
is  triangular  with  the  apex  extending  back,  between  the  j)arietals, 
in  some  Capudns  (Ce^icj)  as  far  as  the  superoocipital  (fig.  239, 
CebuM)i  thus  repeating  a  piscine  collocation  of  supra-cranial 
hones.     Tlie  entocarotid  perforates  the  back  part  of  the  petrosal. 

In  ail  Platyrrhines  a  division  of  tlie  lateral  cerebral  venous 
sinus  excavates  the  base  of  the  petrosal  to  tenninate  at  the  {)08t- 
glenoid  fossa,  as  in  roost  Lemurs :  the  malar  is  similarly  per- 
forated by  a  facial  nenre :  the  plate  which  divides  the  orbital 
from  the  temporal  fossa  exhibits  a  small  unossified  vacuity  in 
TOL.  ir.  M  M 
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most  Platyrrhiiica.'  The  petrosal  has  a  deep  cercbdltr  4cym. 
sion.  The  poslclinoid  plate  is  more  developed,  the  rhincncc^ihibr 
fossa  is  smulier,  and  the  orbital  walls  project  more  into  the  craij, 
cavity  than  in  the  8tre}>sirrhines,  The  lacrymal  is  not  exkfiut 
upon  the  face,  and  the  foramen  is  within  the  orbits 

In  Callithrix  sciureus  the  orbits  do  not  comiiiiinicate  with  t' 
temporal  fossa;.     There  are  no  j>arocc  i]>itals,  and  only  a  ler 
mastoid  ridge.     The  petrosals  are  sli«^htly  swtdlen  at  the  W. 
rranii.     The  ]mrietals  articulate  with  the  nmlars.     There  ii  a 
vacuity  in  the  interorbital  septum. 

In  Cebtis,  also,  there  are  neither  paroccipitals  nor  mastoid?.  ^ 
the  petrotjmpanics  fonn  slightly  swollen  convexities.  Be^i& 

the  poe1|^leiioid  venous  fonuneL 
there  is  a  second  at  the  end  c 
the  squamosal  suture.  The  f<n- 
men  ovale  is  between  the  pdn- 
sal  and  alisphenoicL   The  mfS' 
occipitaL  plate  iuw   two  la^ 
depressions,    as    in  CaUithru. 
The  orbital  plate  of  tiie  nuk 
shows  a  small  hole  near  its  juot- 
tion  with  the  alisphenoiU'  Tik 
bttd-hjal  is  ezcaTttted  behinii- 
not  so  in  CalUthrixi  the  anterior  oomua  are  long,  and  ^umed  fat 
epi-  and  cerato-hjali ;  the  thyro-liyals  are  broader,  not  longer. 

In  the  Spider  Monkeys  {Atelei)  the  paroonipitalB  and  msfftiiii 
form  rongfa  tubercles.  There  is  the  same  venona  foramen  aiii 
Cebu8f  formed  by  the  meeting  of  two  Gonyerging  sinuses  hetwm 
the  squamosal  and  alisphenoid.  Ossification  has  extended  into 
one  hfdf  of  the  tentorium.  The  cerebellar  fossa  in  the  petran/  ii 
of  great  depth.  The  fixramen  ovale  is  formed  by  the  petrosal  and 
alisphenoid.  The  vomer  extends  to  the  posterior  nares.  The 
incisive  foramen  is  large  and  single. 

The  symphysis  of  the  lower  jaw  is  completely  anohylosedi  W 
the  anpjlc  of  the  jaw  rounded  off,  as  in  most  Platyrrhines.  The 
condyles  and  sniiill  coronoid  processes  are  of  equal  height;  IB 
IMarmosets  the  eoroiu>id  is  higher,  and  in  Hapale  Jacchui  tkc 
mandibular  angle  is  slijj|;htly  produced.  The  basi-hyal  is  a  convei 
plate:  the  cerato-hyals  are  shorter  than  in  Cebus:  the  thjro- 
hyals  are  longer. 

*  oiT*.  pi.     (Ceftuf,  Donronoouli,  Chamek.) 

*  TfacM  relief  of  the  ocbito-tenponl  nenitj  wen  fint  notieecl  at  tnch  ^  ^ 
Fflippi. 
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In  the  l\ed  Howler  (Mt/ccfes  scnicuIuSf  fig.  350)  tlic  superocci- 
pital  rcfjion  is  almost  Hut  and  vertical,  at  ricrlit  aiiirles  wth  the 
parietal  surface,  from  which  it  is  sci)arated  by  a  well-defined 
ridge :  the  ft)ranien  magnum  looks  almost  directly  backward. 
The  maxiili>-j>remaxillary  sutures  demonstrate  the  juncti<m  of  the 
premaxillaries  with  the  n:usals.  The  cctopterygoids  much  exceed 
the  onto|)terygoid  plates  in  size.  The 
large  malar  foramen  communicates  with  ^ 
the  orbit :  the  suborbital  foramina  of 
the  maxillary  are  two  in  number,  and 
smnll.  The  chief  feature  of  ])eculiarity 
in  the  skull  of  the  Howler  is  the  extra-  ^?f  ' 
ordinary  depth  of  the  mandibular  ranii,  ^ 
especially  of  their  angular  and  ascend-  \^J^f-rr^ 
ing  portions.  This  development  relates  N^^^ 
to  the  protection  and  support  of  the 
still    more    extraordinarily  dcvcloi)ed 

1*1  11  I      '        ^        Vi         Howler  (JlA^MlM«r«taiiA  uar. 

nyoidean  and  laryngeal  ajiparatus — the 

organs  of  the  loud  and  dissonant  cries  which  have  procured  for 
these  South  American  Monkeys  their  common  name.  The 
8uj)eri()r  length  of  the  ])ostglenoid  jiroccss,  in  relation  to  the 
larger  and  heavier  lower  jaw,  is  worthy  of  notice.  An  obtuse 
|>aroccipitjd  ridge  extends  from  the  condyle  to  the  mastoid  ridge. 
The  precondyloid,  jugular,  and  carotid  foramina  all  open  into 
an  irr^ular  fossa  between  the  petrosal  and  paroccipital  ridge. 
There  is  a  small  venous  foramen  outside  the  mastoid,  and  a 
second  at  the  anterior  border  of  the  squamosal.  The  hyoid  arch 
is  reduced  to  the  basi-  and  thvro-hvals:  but  the  former  is 
enormously  developed,  and  expanded  into  a  capacious  sac  with 
thin  waUs,  and  a  posterior  opening,  admitting  a  laryngeal  pouch. 
A  narrow  transverse  plate  descends  from  the  roof  of  the  bony 
•ic  The  cerato-hyals  are  obsolete.  The  thyro-hyals  long,  for 
suspending  the  sao  to  the  upper  angles  of  the  large  thyroid  car- 
tibge. 

There  is  mnoh  greater  diversity,  and  more  marked  ascending 
steps  of  structure,  in  the  skull  of  tlie  *  Old  World*  than  of  the 
'  New  World  *  Monkeys.  No  CatArrhine  shows  ossification  of 
the  tentorium ;  and  in  all  the  preclinoid,  as  well  as  postclinoid* 
processes  defend  the  sella.  The  same  remark,  as  to  concur- 
rence of  immature  ptroportions  of  cranium  and  jaws  w  ith  in- 
fantile stature,  applies  t(^  the  Catarrhine  as  to  the  Platyrrhine 
Qoadrumana.  But  the  laK^ger  species  of  the  lower  groups  (Cy- 
noeepkaluip  PaipM^  Cbg.)  show  more  camiyorous  or  brutish  pro- 
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portions  of  skull  than  do  those  (Orang,  GorilJa)  of  the  hi^bc 
group. 

In  the  Black-faced  Drill  {Cijnocephohts  porrarhts,  fig.  351.  \ 

the  facial  much  exceeds 
cranial  part  of  the  .skull.  Tbr  I 
superoccipital  is  almost  flu: 
but,  sloping  upward  and  back- 
ward,  forms  an  acute  angle  iriti 
the  parietal,  from  which  it  l- 
divided  by  a  strong  ridge,  whtrp 
the  diploe  is  obliterated.  The 
mastoid  is  more  deveJoj>ed  thas 
sknu  (Cy*yyp**iM  porcariH,).  Lxix.      ^^^^  paroccipital  proHiinenc* ;  bo: 

both  are  low.   The  jug^uJar  ftn» 
is  distinct  from  the  precondyloid  and  carotid  foramina  ;  out*ide  tbe 
latter  is  a  short  *  vaginal '  process.   The  petrosal  bifurcates  anteri- 
orly into  a  *  eustachian  '  and  an  *  apical '  process:  the  latter  undo^ 
laps  the  base  of  the  pterygoid  process:  the  inner  surface  of  tie 
petwsal  is  closely  applied  to  the  basisphenoid  and  ba^ioccipital » 
far  as  the  *  foramen  jugulare : '  there  is,  thus,  no  *  foramen  lacena 
basis  cranii.'   The  squamosal  is  perforated  near  its  middle  br  cot 
or  two  small  foramina,  but  there  are  no  *  post-glenoid  '  outlets  o*' 
the  lateral  sinuses.    The  foramen  ovale  is  between  the  petrtiMi 
and  alisphenoid,  and  the  nerve  which  it  transmits  pierces  the  b«« 
of  the  broad  ectopterygoid :  the  entopterygoid  plate  is  compan- 
tively  small,  but  ends  in  a  hamular  process.     The  glenoid  arti- 
cular surface  projects  from  the  under  part  of  the  base  of  the 
zygoma,  and  is  slightly  convex :  it  is  defended  by  a  postglenoid 
process.    The  vomer  divides  the  posterior  nostrils,  and  there  is  » 
venous  sinus  or  foramen  between  its  base  and  the  presj>henoid. 
The  coalesced  nasals  are  j)rominent  and  gradually  ex{)and  as  tiier 
advance  forward :  they  unite  with  a  small  proportion  of  the  pre- 
maxillarics.     The  fossae  between  the  nasals  and  maxillary  tuber- 
osities are  short  and  wide.     The  pterygoid  fossae  are  large  and 
deep.     The  alisphenoid  is  separated  by  the  squamosal  fn>m  the 
parietal.    The  up|>er  angle  of  the  mastoid  is  wedge<l  between  tlie 
supertx'cipital  and  parietal.     The  limits  of  the  interpariet.al  mar 
be  trace<l  u|>on  the  inner  surface  of  the  calvarium.     There  Ls  a 
shallow  cerebellar  A>ssa  above  the  meatus  internus.    The  optic 
foramina  are  approximated.     The  entry  to  the  rhinenccphalic 
fossa  is  much  contracted  by  the  bulging  prominence  of  the  n.*«>f» 
of  the  orbits. 

In  the  Magot  {Mncnnis  Inuu$,  fig.  352)  and  other  Macacques. 
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Skull  of  MmcMcm  iBaoa.  utuc. 


with  a  general  reduction  of  the  sue  of  the  animal,  the  jaws  are 
oonoomitantly  reduced,  so  that  the  cranial  oavitj  forms  one  half 
of  the  length  of  the  skulL   The  general  characters  are  those 
noted  in  the  DrQL   In  Ma^ 
eaetu  tumMtrimu,  a  process  of 
mtyUBom  shape  is  deyetoped 
from  the  lower  end  of  each 
mastoid.  The  posterior  clinoid 
plate  is  largely  developed  and 
is  perforated.    The  cerebellar 
fossa  is  moderately  deep ;  the 

foramen  ovale  is  between  the 

alisphenoid  and  petrosal.  The 

entry   to  the  rhinenccphalic 

{i>ssa  is  contracted  by  a  pair  of*  lateral  processes. 

In  the  still  smaller  Monkeys  {Cercopithecus^  fijr.  3.>3)  the 

cranial  cavity  forms  a  larger  jmrtion  of  the  skull.    In  C.  ruher, 

the  alisphenoid  joins  the  parietal  on  the  left  side,  not  on  the  right. 

In  all  the  premaxillarics  rise  high  between  the  maxillaries  and 

nasals:  the  interior  of  the  cranium  shows  the  cerebellar  pit  of  the 

petrosal,  and  the  well-developed  crista  galli  dividing  the  deep 

rhinencephalic  fossa.    The  i)Ostglenoid  process  is  pointed,  and  in 

8ome((Vrf.  (ilhoynlnris)  the  mastoid  also  : 

the  entocarotids  pierce  the  petrosals.  The 

Doucs  (  Semnoptthecus)  have  a  similar  pro- 

portion  of  cranial  cavity:    in  which  the 

cerebellar  fossa  of  the  petrosal  is  both  large 

and  deep.    The  entry  to  the  rhinence|)halic 

fossa  is  constricted  by  the  approximation  of 

its  hiteral  margins,  which  almost  touch  at 

the  middle.    The  foramen  ovale  is  between 

the  petrosal  and  the  alisphenoid.    The  tympanic  air-celk  extend 
into  the  mastoid  and  sfpiamosal. 
The  bony  septum  between  the 
orbital  and   temporal  fossas  is 
entire  in  all  Catarrbines. 

In  the  Gibbons  {HylobaUsy 
fig.  3.54)  the  jaws  are  more 
shortened,  the  cranium  more  ex- 
panded. The  idisphenoid  is  per- 
forated bj  the  foramen  ovale,  and 
joins  the  parietaL  The  premax- 
illaries  do  not  reach  the  nasals. 
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The  petrosal  FtaH  flbow§  die  cerebelkr  fosn :  its  exterior  ?Tirfr» 
is  no  longer  swollen  into  a  cellular  bulla,  hot  ejchibits  a  n  • 
marked  eustachian  prooeatw  1^  ento-  and  post-^rlenoid  proce*^ 
are  well  develop»ed-  The  (»rbital  border  is  thick  and  promiDOC 
but  the  superciliary  portions  do  not  meet  above  the  ziAsaL  V 
the  fikull  of  a  vounf:  Gil>bon  I  have  seen  the  exceptional  exte*- 
sion  of  the  frontal  backward  to  the  oc«fHtal,  as  in  ficr-  239  (  Ce*«» . 
The  mandibular  gymphysis  is  mc»re  nearly  vertical  and  the  an^  - 
mi>re  produced  in  the  Siamang  than  in  other  Gibbonss. 

In  the  Orang3  and  Chimpanzees  the  foramen  ovaJe  is  piercr 

in  the  alisphenoid,  and  tfr 
entocarotid    tra^'erssesi  t^ 
petrosal,  which  ha-s  no  cef^ 
bellar  pit.    The  crwtnitd  ao* 
facial  j»arts  of   the  skul 
are  about  equal  in  the  %dot  ' 
males,  with  fully  develope^^ 
laniary  canines :  in   the  t'^ 
males,  with  smaller  canines, 
the  jaws  are  less ;  azi<i  thf 
cranial  cavity  predominate? 
still  more  in  the  immiiforp 
individuals.     In  s*^»me  vir 
rieties  of  Orang  {Pithrms 
Satf/ruSy  fig.  355)  the  cra- 
nium rises  hiifher  than  a 
others:  and  this  feature  i? 
increased,  in  old  males,  hr 
iho  grt»vth  of  the  parietal  crest,  which  bifurcates  anteriorly,  de- 
fnunc  »  flat  triaiiixuljir  space  ujx>n  the  frontal,  and  posteriorly  ti> 
\ov\\\  tho  liunl>tl«>i«l  crests, — a  provision,  as  in  Carntvorn,  for  the 
U\>:v  and  iHm  orfuI  temporal  nuiscles.   The  superorbital  ridge  ch^es 
pl^\i^vt  al>i>vo  tlio  nasal  bone:  this,  usually  single  and  small,  is 
flst»    The  pivinaxillaries  coalesce  with  the  maxillaries  when  the 
s»vkots  of  tho  ]>iM*mancnt  hmiaries  are  developed :  and  about  the 
s.-^mo  linto  tho  Ivisisphonoid  coalesces  with  the  basioccipital.  The 
v^Nhonoidal  sinus  is  ahnost  wholly  formed  by  the  presphenoid,  and 
\\  %^  by  a  longitudinal  septum.    The  lower  border  of  the 

\^vi-,'Hvipit»>-sphonoitlal  tl»H>r  of  the  cranium  is  parallel  with  the 
K»-.x  \viUto  or  fli>or  of  the  nostrils.    The  |)lane  of  the  occipital 
form!*  an  «>|>on  angle  with  the  straight  basi-occipito-sphe- 
.V  %. ^rwv.  Tho  aHsphon(»id,  6,  j»»ins  the  parietal,  : ;  the  precondv- 
»>.  •  %  *tv^inA  aiv  usually  double  on  each  side.  The  mastoid  is  not  i 
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promiiifliit  prooeas ;  the  tympanic  air-cells  are  continued  therefrom 
into  the  equamoiaL  The  interorbital  einnaea  do  not  ascend  to 
'within  half  an  indi  of  the  ui)per  lerel  of  the  orbits^  and  there  is 
consequently  no  proper  frontid  sinus :  a  cancellous  structure  occu- 
pies the  usual  place  ii  this,  below  which  the  part  of  the  interorbital 
septum  ^Mrmed  by  the  hinder  crista  of  the  nasal  bone  and  the 
firontal  presents  a  Tcry  compact  dense  structure.  The  small  yenous 
canal  continued  from  the  fmmen  ctBcnm  tmyerses  Ihe  base  of  ibis 
septum  to  terminate  at  the  lower  end  of  the  short  nasal  bone. 
The  '  lamina  perpendicularis  ffthmoidei,'  or  coalesced  prefrontals, 
presents  a  quadrate  form.  The  floor  of  the  nasal  cavity  is  long 
and  thick,  as  compared  with  that  in  Man,  and  a  larger  proportion 
of  it  is  contributed  by  the  premaxillary.  The  orbits  are  directed 
ibrwiu  d  and  have  a  full  oval  shape.  The  area  of  the  nasal  cavity 
e(|uals  mure  than  one  third  of  that  of  the  cranial  cavity.  The 
niofet  anterior  part  of  this  cavity  is  fonneil  by  the  deep,  narrow, 
and  wellHlefined  rhincucephalic  fossa:  the  *  crista  <4ulli  '  is  rudi- 
incntal.  Tlie  division  of  the  prosenccphalic  c()mj)artnicnt,  for  the 
anterior  and  middle  lobes  of  the  cerebrum,  is  very  slightly 
defiiK'tl  l)y  the  orbitosphenoid.  The  tentt>rial  ridge  is  not  con- 
tinued backward  beyond  the  petrosal.  The  nasal  end  of  the 
incisive  canal  is  divided  by  the  process  extending  fn)m  the  pre- 
maxillary to  the  maxillary;  but  this  is  the  only  j)art  of  the  pre- 
maxillary which  does  not  coalesce  with  the  maxillary.  The 
turbinal  ])lates  are  less  developed  than  in  the  Gorilla ;  the  lower 
one  is  shorter  than  the  one  above;  and  there  is  not  dny  ])late 
answering  to  the  small  superior  turbinal  in  the  (iorilla  and  in 
Man.  There  is,  in  some  Orangs'  skulls,  a  process,  formed  by  the 
auchylosed  base  of  the  stylo- 


hyal,  which  is  defended  in 
front  by  a  low  and  obtuse 
vaginal  jnocess.  The  com- 
pact wall  of  the  mandibular 
symphysis  is  thick  and  dense. 
The  symphysis  slo|tes  iVom 
above  downward  and  back- 
ward. 

In  the  genus  Troglodjftcs, 
the  squamosal,  fig.  27, 
usually  articulates  with  the 
frontal,  11 ;  the  premaxillaries  coalesce  with  the  maxillaries  earlier 
than  in  PUhitcus,  the  alveolar  part  of  the  suture  being  obliterated 
before  the  nasal  portion ;  the  palatal  part  long  remaina.   In  the 
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■nudler  species  of  Chimpanzee  ( Tr.  nigrr )  the  temporal  ridge* 
meet,  in  old  males,  upon  the  sagittal  line,  but  rarely  derelope  a 
crest :  the  lambdoidal  boundary -ridges  are  better  marked. 

Independently  of  the  euperiority  of  size  of  the  Tr.  Gorilla 
over  the  Tr.  niger,  the  skull  of  the  former,  figs.  357 — 359, 
presents  well-marked  differences  of  form,  differences  in  the  deve- 
lopement  and  projjortions  of  the  intermuscular  ridges,  in  the  dii^- 
position  of  certain  sutures,  and  in  the  structure  and  proportion*  of 
certain  teeth.  Compared  in  profile,  the  skull  of  both  species, 
figs.  3.56  and  357,  presents  a  striking  difference  from  that  of 
the  Orang,  fig.  3oo,  in  the  prominence  of  the  superorbital  ridge ; 
but  the  tcm|>oral  ridges,  after  their  junction  u|>on  the  frontal, 
riiie,  in  the  Tr.  Gorilla,  into  a  strong  and  lofty  sagittal  crest, 

which  is  continued  to  the 
lambdoidal  crest,  the  great 
extent  of  which  masks  the 
posterior  convexity  of  the 
occiput.  The  zygoma- 
tic arch  is  proportionallj 
much  stronger  in  the  Go- 
rilla, and  also  differs  from 
that  in  Tr.  niger  by  the 
squamosal  part  being  of 
equal  depth  >nth  the  malar 
part,  and  by  its  having  its 
upper  border  convex,  or 
produced  into  an  angle 
instead  of  being  straight 
or  slightly  concave.  The 
ali.Hplienoid  is  K)nger  and  narrower  in  Tr.  Gorillay  and  contri- 
butes less  to  the  back  wall  of  the  orbit  than  in  Tr.  nigrr,  in 
which  it  forms  a  much  smaller  pro|>ortion  of  that  part  than  in 
Man.  The  spheno-maxillary  fissure  is  not  only  larger  in  TV. 
Gorilldy  but  is  narrower  and  more  vertical,  not  angularly  bout 
as  in  Tr.  niger.  The  extent  of  the  premaxillary  bones  below 
the  nostril  is  not  only  relatively  but  absolutely  less  in  Tr. 
Gorilla^  and  the  jirofilc  of  the  skull  less  convex  at  that  part, 
or  less  *  prognathic,'  than  in  Tr.  niger.  The  breadth  of  the  pre» 
maxillaries  and  of  the  incisor  teeth  is  the  same  in  both,  whiUt 
in  all  other  dimensions  the  Tr.  Gorilla  greatly  surj)as8es  the 
Tr.  niger:  this  is  seen  in  the  height  of  the  sagittal  crest,  the 
thickness  of  the  great  superorbital  bar  of  bone,  the  prominence 
of  the  ectorbital  walls,  and  of  the  inferior  tumid  malar  Ixmndaries 
ol*  the  orbits,  fig.  358,  26.    The  nasal  bones  have  uuitetl  together 
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in  TV.  Gorilla  as  in  TV.  ni(/i  r,  but  lees  completely,  a  linear  indi- 
ofttaon  of  the  median  rature  remaining  along  the  exterior  surface : 
the  ooaleeced  upper  portions  of  the  nasals  ascend  higher  above 
the  nasal  processes  of  the  maadllary  than  in  TV.  ntger,  become 
contracted  between  those  processes  and  there  project  slightly, 
their  median  coalesced  margins  being  produced  forward:  they 
expand  at  their  lower  halves,  and  articulate  not  only  with  the 
maxillaries,  21,  but  with  an  expanded  superior  portion  or  dis- 
memberment of  the  premaxillaries,  22.    In  the  immature  TV. 
niger,  the  maxillo-premaxillary  sutures  show  that  each  pre- 
nuixilhiry  bone  terminates  above  in  a  point  which  does  not 
rt  :u  h  the  nasals.    The  orbits  have  358 
u  more  subquadrate  form,  with  the 
angled  rounded  oft",  in  7V.  Gorilla 
than  in  Tr.  n  'ujer ;   l)ut  their  j)eri- 
])hery  is  less  sharply  defined,  espe- 
cially below,  than  in  Tr.  niger.  The 
ethmoidal    cells  arc   more  swollen 
out,   giviiij^   tlic   hitcrorbital  sjcu'C 
a  greater  breadth   l)elow  and  the 
lachrynnil  fussa;   a   more  anterior 
aspect  in  Tr.  Gorilla.     The  infVa- 
ori)ital  canal  issues  u])on  the  face 
relatively  lower  and  further  from  the 
orbit.    The  whole  nasal  bone  is  rela- 
tively longer,  and  the  distance  froni 
the  orbits  to  the  external   nostril  <rrcater  in 
The  malar  bone,  2f»,  is  more  convex  outwardly,  and  is  more  renuirk- 
able  for  its  vertical  extent:  it  is  flatter  and  developed  more  trans- 
versely in  the   Tr.  nit/vr.     The  larger  projjortional  size  of  the 
canines  'u\  Tr.  Gorillo  imj)resses  a  corresponding  difference  ujnm 
the  alveolar  part  of  the  maxillary  bone  in  that  species.    Fig.  .'i.')7 
contrasts  the  broad  ftattcJied  eujieroccipital  surface  of  the  Gorilla 
witli  the  convexity  of  the  same  part  in  the  Tr.  nitjer^  fig.  .556  :  the 
difference  is  due  to  the  much  thicker  and  broader  lambdoidal 
ridge  in  the  larger  species,  which  prolongs  the  surface  beyond  the 
cerebellar  fossa,  and  gives  the  condyles  and  foramen  magnum  a 
rather  more  advanced  position  ad  com]>arcd  with  the  Tr,  nifjer. 
The  next  character,  explicable  in  relation  to  the  greater  weight  of 
the  skull  to  be  pobed  upon  the  atlas,  is  the  greater  prominence  of 
the  mastoid  prooessee  in  the  Tr.  Gorilla,  which  are  represented 
by  only  a  rougli  ndge  in  the  Tr,  niger.    These  protuberances  are 
cellular,  and  with  a  very  thin  outer  layer  of  bone  in  the  TV. 
Gorilla,    The  lower  suiface  of  the  long  tympanic  or  auditory 
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prooeflB  is  smooth  and  flat,  or  slightly  ooncaTe,  in  TV.  aad 
developes  a  slight  tuberole  anterior  to  the  styh>4ijnl  pit:  in  tW 
TV.  GariUa  the  same  piocess  is  more  or  less 
developes  a  ridge,  answering  to  the  yaginal  pfooeaa»  on  the  outer 
side  of  the  oarotid  canaL   The  processes  posterior  and  internal  Is 
the  glenoid  articular  surface  are  better  deyeloped,  Mpmallj  th» 
internal  one  in  the  TV.  GcrUla,  than  in  the  2V.  tU^er  z  the  cidgc 
which  extends  from  the  ecto-pterjgoid  along  the  inner  border  of  thr 
foramen  ovale  terminates  in  TV.  CroriBa  by  an  angle  or  pfqeM 
answering  to  that  called '  stylifonn'  or  *  spinous  *  in  Man^  b«l  d 
which  there  is  no  trace  in  the  TV.  fitter. 

The  palate  is  narrower  in  proporticm  to  its  length  in  the  Tr. 

Gorilla,  but  the  premaziUvj 
portion  is  rdatively  lonfrer  ii 
Tr,  niger.   Two  anterior  |>aktine 
foramina,  one  on  each  8i(k*  tiic 
almost    confluent  incisive  fora- 
mina, are    more    constant  anu 
conspicuous  in  TV.  ( I  or  ilia  ;  tiie 
]»osterior  palatine   forauiina  art- 
nearer  tlic   postcriur  border  cl 
the  bony  palate  in    Tr,  ni'jcr 
The  pterygoid  tbs:<ie  are  rclainvlv 
deeper  and  longer  in  Tr.  ni>^r. 
The  stronger  zygomatic  arches^ 
with  the  more  developed  satrittai 
and  himhdoidal  crests,  are  adap> 
tive   developments    rtmr*  .niitjuit 
on  the  presence  of   lanrer  ra- 
nines  and  stronger  mandirile  in 
the  Gorilla ;  but  the  larger  propi>rtional  molars  and  the  tiiuailcr 
proportional  incisors,   the   prominence  of  the   nasal    IxYue-i  xi 
their  median  line  of  coalescence,  and  tlie  rca]>pearancc  cf  the 
premaziliarieB  upon  the  face  above  the  nostril  with  their  hmger 
enduring  sutures,  constitute  a  series  of  diflerential  characters  of 
more  importance  than  such  as  are  due  to  greater  bulk  or  activity 
of  muscles,  and  are  inexplicable  l)y  the  operation  of  external  in- 
fluences. The  basi-hyaljas  in  the  Chim}>anzee.  is  deeply  excavated 
behind:  the  cerato-hyals  are  obsolete:  the  thyro-hyals  long  and 
nearly  straight.  Further  characteristics  of  the  skull  of  tlie  h^hest 
known  Quadrumanous  species  will  be  shown  in  compariaoB  with 
the  cranial  characters  of  the  lowest  races  ol"  Man. 

C.  Banes  of  the  XiVnAf.— In  Quadrumanes,  as  in  Quaiimpedai 


Digitized  by  Google 


SKELETON  OF  QITABRIJMAirA 


m 


both  pain  of  limbs  are  ooneemed  in  support  and  looomotion ;  but 
are  made  prehensile  in  relation  to  an  arboreal  sphere  of  life  bj 
an  opposable  thnmb-like  oondition  of  the  innermost  of  the  five 
digits,  always  conspiouoQS  upon  the  hind-limbs,  and,  in  most,  upon 
the  fore^'limbe.  Complete  daTides,  and  an  elbow-joint  allowing 
both  rotatory  and  fleidle  movements  of  hand  and  fore-«rm«  are 
present  in  all. 

The  scapula  of  CAirpifiy#»  fig.  343,  i\,  differs  from  that  of  Bodents, 
and  resembles  that  of  L^urs,  in  the  proportions  of  the  pre-  and 
post-  spinal  fossa.  Thb  subscapular  surface  does  not  show  the  inter- 
muscular oristte  wMch  are  usually  so  weU  marked  in  Rodents. 
The  length  of  the  acromion,  a,  is  6  lines ;  that  of  the  coracoid  is  7 
lines  :  it  is  a  simple  compressed  process.  The  glenoid  cavity  is  a 
long  oval,  with  the  apex  above  and  rather  produced.  The  clavicle 
had  a  double  bend  upward  and  out  wjml,  and  a  half  twist  on  itself. 

The  head  of  the  humerus,  53,  has  a  long-oval  form,  regularly 
convex,  and  surpassing  in  both  breadth  and  length  those  dimensions 
of  the  glenoid  cavity.    The  great  tuberosity  projects  on  one  side 
to  the  same  hei^h^;  the  small  tuberosity  i:^  somewhat  lower.  A 
sharp  deltoid  ridge  extends  from  the  fore  part  of  the  great  tube- 
rosity half>vay  down  the  shaft.    The  supinator  crest  begins  below 
the  middle  of  the  shaft,  near  its  buck  part,  standing  well  out,  and 
thence  passe.^  in  an  almost  straight  line  to  the  ectocondyloid  tube- 
rosity.   The  internal  ridge  projects  from  nearly  the  fore  part  of 
the  distal  fourth  of  the  shaft,  bridging  over  the  humeral  artery 
and  median  nerve  on  its  wav  to  the  cntoconily loid  tuberosity 
where  it  coalesces  with  a  siiorter  and  sharper  ridge,  completing 
tlie  ppicondyloid  foramen.    The  inner  tuberosity  is  much  more 
promiuent  than  the  (tnt(  r  one.    The  anconeal  los.sa  is  oblong, 
of  moderate  depth,  and  mipcrforate.    Tlie  tubercle  for  tlic  radius 
forms  nearly  half  of  the  fore  part  of  the  eibuw-joint ;  the  back 
part  is  exclusively  formed  by  the  well-defined  trochlear  cavity 
for  the  ulna.    The  humerus  reaches  io  the  tenth  rib,  when  bent 
upon  the  chest :  and  this  proportion  of  length  is  characteristic  of 
most  LrmnrifftT. 

'fhe  radius,  .'.4,  is  of  etjuul  length  with  the  humerus  ;  the  bend  is 
nearly  circular.  The  ulna,  5.'»,  is  the  longest  bone  of  the  i'ore-luub  : 
k  id  compressed  below  the  humeral  joint,  and  gradually  narrows 
to  the  lower  (ifth  of  th<^  shaft. 

The  wrist-bones,  5C,  are  ten  in  number,  including  a  supplemental 
seMUDoid  on  the  outer  side  of  the  scapho-trapezial  joints  The 
scaphoid  is  the  longest,  presenting  its  convex  articular  surface  to 
the  outer  two  thirds  of  the  radial  concavityy  and  articulating  with 
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the  'unare.  which  ci>m{ilete>  the  wriT^t-ball :  at  it5  di^Tal  aiiHWe  ii 
^>in*  toe  •  intermediuru/  the  trapezium,  and  tlie  trnj^K-zia]  f<*:^jLiiK)iJ : 
the  cuneitonn  offers  a  cup  f<^r  the  hemispheric  eml  of  the  rtvfoid 
process  oi  tlie  ulna  aufi  a  tlatter  surface  for  the  piriform :  ikk 
wrist-booe  is  long,  and  it^^  ardcular  *url*ace  is  divided  between  die 
ulnar  process  and  the  cuneiform.    The  intermedium  and  cunei* 
form  cocnbime  to  form  the  cnp  for  the  ball  ocMumon  to  the  ma^KOB 
and  WKiioai,  of  whicK  the  latter  bone  oontribates  the  larger 
share.    TWe  intcmedinm  aiticiilates  with  the  trapexotd.  TW 
distal  Mfies  of  carpal  booes  have  the  nsoal  rein  tkww  u>  At 
■mwifiwlw    1^  first,  second,  fifth,  and  fourth  metMaupaK  sr. 
prvv^tmnyelT  inereaie  in  length,  with  similar  proportioiis  a^ 
dudoKfls;  but  the  middle  metacarpal  b  doable  tbe  length  of  tht 
geeood.aad  tfMeaHj  oootneto  into  a  shaft  more  nUnder  hj  kaM 
than  the  eonti^iMNM  inetaear|»k.    The  phalanges  of  the  saae 
d^:it,  ui.,  are  fiJamentarr,  and  support  the  booked  pn>be-lik»  luigei 
adapted  fv»r  the  extraction  of  the  J^iophagona  larvae — the  favoofite 
food  i>f  the  Aje-aye  —from  the  cuai  in  tbe  wood  wfaich  baa  been 
exposed  by  die  ecalpriform  inciaon. 

Tlie  ilium.  63.  is  long  and  narrow,  ali|^dj  expended  st  botk 
ends:  it  articulates  witb  the  two  fint  sncnl Tertebne,  just  toodu^ 
the  second  bj  n  projection  above  its  middle.    The  iliac  bone* 
incline  to  the  ace  tabula  at  an  angle  of  140*  with  tbe  luMbo^ 
aacral  axis.    There  is  an  elongale  tuberosity  above  the  aeetdbi^ 
Inm  for  the  (Higin  of  the  rectus  femoris.    Tbe  iscbia,  tM^  are 
eontinued  almost  in  a  line  with  tbe  ilia,  the  posterior  covlotf 
deacribii^  a  Terr  feeble  cnire  ooncaTe  backward ;  tbe  tabemHaei 
are  aligbUT  ereited :  a  small  pnjection  behind  tbe  lower  pait  ef 
tbe  ae^tabulum  divideB  the  great  from  tbe  small  iscbiadic  notcbei, 
both  of  which  are  very  shallow.    Tbe  obturator  Tscnities  are 
large.   The  pubic  oones*  *4,  pass  from  tbe  aoetabula  at  almost  a 
light  angle  with  tbe  ilio-isebial  axis;  tbey  oouTerge  to  a  sboct 
STmpbjas.    There  is  a  sligbtlj  OHHrked  iHo-pec^neal  praai- 
nenoe.    Tbe  femur,  ts,  bas  a  straight  shaft,  one  third  looger 
than  that  of  tbe  humerus.   The  neck  is  short:  tbe  great  tun 
chanter  rises  to  the  height  of  tbe  bead,  and  at  tbe  outer  and 
lower  part  is  developed  into  a  small  tuberde.   Opposite  to  thm 
tbe  lesser  trochanter  projects  from  the  inner  side  to  a  greater  de- 
gree. The  orifice  for  tbe  medullarj  artery  is  at  the  baek  part,  one 
fourth  of  tbe  length  from  tbe  head ;  tbe  canal  asoenda.  The  inner 
condyle  is  rather  tbe  larger.   The  outer  border  of  tbe  rotnlar 
groove  projects  most   There  is  a  sesamoid  bone  ( '  fabella  *  )  in 
each  origin  of  tbe  gastrocnemius.   The  tibia,  66,  is  about  two 
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lines  shorter  than  the  femur,  and  soon  contracts  below  the  head 
to  a  compressed  shaft,  giving  a  lonj^  luul  mu  i ow  gubelliptic  section  ; 
at  the  upper  half  it  is  very  slightly  bent,  with  the  convexity 
forward.  A  roughish  surface  is  continucjl  from  llie  tuberosity 
lUNirly  one  tliird  of  the  way  down  the  fore  and  outer  part  of  the 
Flmft.  The  orifice  of  tlie  medulhiry  canal  is  one  fourth  of  the  way 
down,  just  within  the  posterior  border;  the  canal  slopes  downward. 
The  til'i  i  i>  'Tie  fifth  lotiger  than  the  ulna.  The  fibula, 67,  touches 
the  tibia  onK  l>v  the  two  extremities  articulating  with  that  bone, 
leaving  an  inter<>s.^(M m.v  sjKice  ro-extensive  with  their  sbaftjs.  The 
<iMter  malleolus  i-  ^hdi  tcr  and  tiucker  than  the  inner  one.  There 
is  a  sesamoid  in  the  <  xtemal  lateral  ligament  of  the  knee-joint^  at 
its  insertion  into  the  head  of  the  fibula. 

Tlie  tarsal  bones,  cs,  aw  st  ven  in  number.  The  naviculare  has 
its  shnll'>w  eoncavity  for  tlie  astragalus  supplemented  by  the 
strong  ligament  arising  from  its  posterior  and  inferior  margin,  aiul 
inserted  h\\o  the  fore  part  of  the  inner  malleolus;  anteriorly  it 
artieulatr^  with  the  tliree  cuneitbrm  bones,  and  externally  at  its 
fore  part  witli  the  os  cuboides :  its  dejith  exceeds  its  length. 
The  caleaneum  offers  two  articular  surfaces  to  the  astragalus, 
rather  far  apart ;  the  lever  |)rojects  moderately  beyond  the  hinder 
surface,  and  is  curved  a  little  upward  and  inward.  The  en  to- 
cuneiform  ofiers  at  the  anterior  half  of  its  outer  part  a  trochlear 
fliir£K$et  concave  in  one  direction,  convex  in  the  opposite,  to 
the  pofwerful  haUux.  The  meso-  and  ecto-cuneiform  bones  are 
narrower,  the  outer  one  is  of  nearly  equal  length  with  the  inner, 
the  middle  one  being  the  shortest.  The  cuboid  is  large  and 
long,  with  the  lower  half  of  its  calcaneal  surface  convex,  the 
upper  half  concave,  for  an  interlocking  joint  with  that  bone; 
it  is  grooTed  externally  and  beneath  for  the  peroneus  longus, 
and,  as  usual,  supports  the  two  outer  toes.  The  base  of  the 
metatarsal  of  the  hallux  is  broad,  and  its  under  border  is  pro* 
duced  into  contact  with  that  of  the  second  metatarsal.  The 
third  metatarsal  is  a  little  longer  than  the  second ;  the  fourth 
hai  nearly  the  same  length,  and  so  has  the  fifth,  69,  by  reason  of 
the  backward  production  of  the  outer  angle  of  its  base.  The 
proximal  phalanx  of  the  fourth  toe  is  the  longest.  Fig.  343  shows 
bow  little  the  phaUinges  of  ii-o  differ  in  length  or  breadth. 

With  the  exception  of  the  attenuated  state  of  the  third  digit 
of  the  fore^foot,  the  characters  of  the  limb-bones  of  (^ramyM 
are  dossljr  repeated  in  other  Lemuridm,  The  Pottos  (iVrodtc- 
however,  offer  an  anomaly,  in  the  fore-hand,  by  the 
stunted  phalanges  of  the  index  digit ;  and  the  poUex  is  laige  and 
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opposable,  fig.  343,  b.  The  Galagos  (  OtoUcjins  )  htkI  the  Spectres 
are,  also,  exceptional,  by  the  cxcess^ive  leng^th  of  the  calraDouc 
and  naviciilare  in  the  hiiul-hand,  wlience  the  Lrencric  name  T^'r- 
siii.s  iiiven  to  the  latter  Lemurs.  In  the  relatix  e  length  I'tn 
tarsus  to  the  leg  and  to  the  rest  of  the  tVmt  Cliiromyi  ra<>-t  re- 
f»einl)les  TJrhanotus  and  Pmintherus :  it  is  ratlier  shorter  than 
in  Lemur  proper,  l)eing  less  than  one  third  the  lenglb  dL  ttk 
tibia,  and  only  al)out  one  fourth  the  leuLrth  t)f  the  whole  fi»>t 
Tiie  scaphoid  and  calrancuin  are  proportionate] jr  rather  ikoctcr 
than  in  Lemur  perodicticus^. 

In  the  Indri  (^Lichanotus:)  the  scapula  is  remarkable  fur  thr 
length  and  strength  of  its  coracoid  ]»rocess.     The  humerus,  a*  ii 
CkiromySy  is  perforated  above  the  inner  condyle,  but  not  bet««wc 
the  condyles.    The  interosseous  Hj)ace  'i»  conjukr* 
able  between  the  long  and  slender  radios  and  tii* 
more  slender  ulna.    The  ilium  has  a  strtin^  tuber- 
cular process  above  the  acetabulum.    The  icav 
is  so  long  as  to  equal  in  length  seventeen 
brie  of  the  trunk,  measured  from  the  first  dorsal 
backwards.    The  foie  part  of  both  the  astra:^^^ 
and  ealcancuni  is  nnniHially  produced.    In  the 
slender  Lemur  ( Stenops  pracUis)  the  hnmeroa  ii 
perforated  above  the  inner  condyle,  and  has  • 
wide  interoondyloid  vacuity.    The  iliac  bone:*,  % . 
300,  a,  are  long,  slender,  and  extended  almoe^t  ia 
the  same  line  with  the  sacrum.    The  pubic  Ijones, 
b,  c,  join  the  ilia  at  a  right  angle,  and  are  ia- 
dined  to  each  other  at  an  angle  of  40" ;  the^  §om 
a  very  short  symphysis.    There  is  a  amali  imh 
fied  patella.    The  feeble  development  of  the  vertebne  in  the  lo^ 
lumbar  region,  the  small  sacrum,  and  contracted  pelvis  are  pooito 
of  resemblance  with  the  Bat-tribe ;  and,  together  with  the  loag 
and  slender  bones  of  the  eztremitLes,  relate  to  the  alow  nete- 
menis  of  this  dimbing  quadruped. 

In  Lemur  Catta  I  have  found  the  pabio  symphysis  omSAtA ;  ihf 
ilium  has  an  epieotyloid  ridge.  The  coracxnd  and  acromial  pv»> 
cesses  of  the  scapula  are  snbeqnaL  The  humerus  is  peifeiaiei 
above  the  inner  condyle.  Two  iabells  are  usually  attached  to 
the  capsule  of  the  knee-joint.  The  fourth  digit  is  the  loisait 
on  both  limbs  of  all  Lemuridm, 
In  Hapak  Jaeehut  the  coracoid  sends  a  short  process  baelcwaid. 

>  The  Ursal  bones  figured  as  those  of  Chirumy$  in  civ.  *  Xtcmors,'  pL  r.,  belong  u 
the  OklSam  tfrwwcwrfahn,  ou%  p.  M. 
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The  humorns  is  not  perforated  cither  above  or  between  the  con- 
dyles. The  iiiif^ual  })ha]angcs  are  compressed  and  falcate,  and  the 
pollex  is  on  a  Hne  witli  the  rest  of  the  digits  of  the  fore-limb,  not 
opposed  to  them.  In  tlie  hind-limb  the  ungual  ])lialanx  of  the 
hallux  is  depre^scfl  for  the  support  of  a  nail,  and  it  is  opposed  as 
a  thumb  to  the  other  digits  which  have  falcated  nno  ual  phalanges. 
The  ilium  is  long:  and  narrow,  with  a  supracotyloid  ridge.  In  the 
Marmoset  (  Caiiithrij-  scinn  us ),  the  pollex  is  partially  ojiposable  ; 
as  it  is  aL«50  in  Cebus.  In  a  young  C.  capftcintis  I  have  found  the 
humerus  perforated  both  between  the  contlyle;^  and  above  the 
iuuer  r(»ndy]e.  There  are  fabell®  behind  the  knee-joint.  A  sesa- 
moid i,-  u  (m1l:<  (I  lH•t^veeu  the  entocuneiform  and  metatarsal  of  the 
hallux.  A  j»air  ul  .sesamoids  are  develo|)ed  beneath  the  proximal 
joints  of  oa^  h  of  the  toes,  and  a  single  sesamoid  beneath  the  last 
joint  of  the  hallux. 

In  the  Si)ider-monkey8  {A teles)  the  long  and  large  eoraeoid 
has  an  anj^ular  tuberosity,  which  sometimes  joins  the  anterior 
costa,  so  as  to  circumscribe  the  j>resca]mlar  notch.  The  humerus 
is  not  perforated  either  aboAc  or  liotweon  tho  condyles.  This 
bone,  and,  still  more,  the  radius  and  idna,  are  remarkable  for  their 
length  and  slenderness  ;  as  are  also  the  bones  of  the  diirits,  with 
the  exception  of  the  pollex,  which  is  reduced  to  a  rudiment  of  its 
metacarpus,  and  is  concealed  beneath  the  skin  in  the  recent 
animah  The  femur,  tibia,  and  fibula  are  longer  than  in  the 
other  Platyrrhines,  but  the  tibia  is  not  attenuated  in  the  same 
proportion.  The  inner  border  of  the  naviculare  is  much  produced. 
The  thumb  of  the  hind-foot  is  complete  and  well-developed.  The 
prehensile  tail  compensates  for  the  loss  of  that  quality  in  the  hand. 

In  tlie  Catarrhine  group  the  African  Doucs  ( Colohus)  repeat 
the  abortive  condition  of  the  pollex ;  but  in  all  the  rest  it  is  a  true 
thumb,  though  smaller  and  weaker  than  that  of  the  hind-hand. 

In  the  Baboons  the  coracoid  shows  an  angular  ridge,  but  less 
developed  than  in  the  Capucins.  In  Macacut  nemestrinus  the 
short  and  broad  coracoid  has  an  angular  tuberosity.  1  have  ob- 
served an  intercondyloid  vacuity  in  this  species ;  but,  as  a  rule, 
the  humerus  is  imperforate  it^  distal  end.  The  *  intcnnedium  * 
is  present  in  the  carpus  of  all  Baboons,  !Macacques,  and  Doucs, 
as  in  the  Gibbons  and  Orangs,  fig.  361,  h\  and  there  are  fabellie 
behind  the  knee-joint  In  most  there  is  an  ossicle,  ib.  t,  wedged 
hetween  the  scaphoid,  and  trapezium,  </,  in  the  wrist,  and 
between  the  cuboid  and  fifth  metatarsal  in  the  ankle.  The 
iichia  expand  into  rough  flattened  tuberosities  in  all  those  Catar- 
rhines  that  have  the  corresponding  dermal  callosities. 
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In  the  Long-armed  Apee  {Ht/lobaUt,  fig.  180)  both  menm 
mnd  ooraoold  are  laige,  and  much  prodooed.    The  clavidci  mt 
unusual  length,  equalling  the  extent  of  the  eleven  anterior  dam 
vertebrae.   The  bones  of  the  arm  and  fore-arm  are  BtiH 
remarkable  for  their  length  and  slendemeBS,  as  well  as  those 
the  fingers  of  the  hand,  the  thnmb  of  which  is  oompMBtzr^; 
Bhort  and  slender.    The  femur  is  long  and  nearly  straight.  T. 
tibia  id  slightly  bent.    The  thnmb  of  the  hind-foot  is  stroog  & 
well-developed,  \vith  two  phalanges. 

The  jrreat  U  iii^tli  of  the  pectoral  limbs,  and  the  provision  n  : 
for  tlie  extensive  orlji^in  of  some  of  their  muscles  by  the  bre.ii: 
of  the  tliorax  and  the  size  of  the  scapulne  and  clavicles,  relate- 
the  chief  share  which  these  limbs  take  in  the  rapid  and  character 
istic  locomotion  of  this  species,  which  swin«»;s  itself  thereby  fr  •- 
brancli  to  branch,  with  a  force  that  propels  the  body  throu^ 
considerable  distances. 

The  Sianiang  offers  the  peculiarity  of  a  common  tej^riraentan 
eheath  of  the  proximal  phalanges  of  the  second  and  third  digib 
of  the  hind-hand,  whence  the  name  (//'//.  syndactyJus), 

In  the  Orangs  (jFUIucus)  the  clavicle  is  less  curved  than  b 
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^Ian,and  the  distal  end  is  less  expanded.  T)ie  scapula  approaches, 
by  its  breadth,  to  the  form  of  that  of  Man,  but  the  acromion  if 
narrower,  I(»nger,  and  more  antroverted.  The  humerus,  in  some 
Oraugs^  shows  a  small  perforation  between  the  condyles.  The 


J 

Digitized  by  Google 


SK£L£TON  OF  QUADRUMAKA.  54d 

•adiiis  and  ulna  are  remarkable  for  their  leiif^th,  and  the  extent 
J>r  tlie  interosseous  space.    The  wrist,  lig,  361,  consistn  of  nine 
bones,  us  in  tin   ii lienor  Apes, — resulting,  as  in  them,  from  the 
presence  of  tlie  intermedium,/*:  the  s<'aph()id,  «,  and  lunare,  Z», 
articulate  witli  the  radius ;  the  cuneit«)nu,  c,  is  attached  by  liga- 
ment to   the  styloid  process  of  the  ulna;  the  'sesamoid,'  /,  is 
iinluMU\ed  in  the  tendon  of  the  abductor  longus  pollicis.  The 
ivu  tacarpals  have  only  half  the  breadth  of  the  proximal  phalanges 
at  their  middle  part.    The  phalanges  are  long,  bent  towards  the 
palm,  and  expanded  at  their  middle.   The  bones  of  the  thiglr  and 
J  leg  are  dieproportaonately  short :  thearticulatioiiof  the  latter  with 
.  the  tarsus  is  adjusted  to  turn  the  sole  ohliquelj  inward.  The 
V  baUux  is  disproportionately  short,  and>  in  some  Orangs,  has  but 
^  one  phalanx.    The  bones  of  the  other  toes  have  great  length, 
espedaUy  the  metatarsals  and  proximal  phalanges,  which  are  bent 
^   toward  the  sole,  indicating  the  habitual  application  of  the  foot  in 
^  ihe  act  of  grasping  and  dimbing.    The  joint  of  the  hind-limb  is 
made  as  free  as  that  of  the  fore-limb,  by  the  absence  of  the  inter- 
artioular  *  ligamentum  teres.'    The  calcaneum  projects  bat  little 
beyond  the  astragalus,  the  tibial  snrfaoe  of  which  is  inclined 
obUqueljr  inward,  so  that  the  foot  presents  its  outer  c<lge  to  the 
ground, — a  mode  of  articnlation  favouring  its  prehensile  power. 
In  the  Chimpanzee,  fig.  345,  the  cUvide,  5s,  is  rektively 
I      shorter  than  in  the  Orang;  the  sigmoid  curvature  is  more  marked, 
the  sternal  end  is  thicker,  and  the  acromial  end  broader:  the 
scapula  is  longer  in  proportion  to  its  breadtli,  and  the  acromion  is 
broader  than  in  the  Orang.    The  bones  of  the  anterior  extremity, 
especially  those  of  the  fore-arm,  are  shorter  than  in  the  Granny. 
The  humerus,  53,  is  imperforate  at  its  distal  end  ;  it  is  shorter 
'       and  stronger  than  the  Orang;  both  tuberosities  are  more  deve- 
'        loped,  espeeially  the  inner  one,  and  ilic  iMcipital  groove  is  deeper: 
j       the  antero-internal  surface,  liounded  outwardly  by  the  deltoidal 
I       ridge,  is  flatter  than  in  the  Orang:  the  supinator  ridge  commences 
above  the  middle  of  the  shaft.    The  trochlear  prominenoe  of  the 
distal  articulation  is  more  developed,  and  the  canal  ^^lll('h  sepa- 
rates it  from  the  ball  for  the  radius  is  both  deeper  and  wider. 
The  radius,  64^  is  shorter  in  proportion  to  its  breadth,  and  j)re- 
smti  a  more  marked  sigmoid  curvature;  the  borders  of  the 
circular  proximal  end  are  more  produced  ;  the  trihedral  character 
I       of  the  distal  half  is  better  marked.    The  distal  end  is  more  sud- 
I       denly  expanded,  and  the  grooves  for  the  extensor  tendons  are 
!<       deeper  and  better  defined.    The  ulna,  '  ^  differs  from  that  in  the 
Orang  in  the  proportion  of  its  length  and  thickness.    The  outer 
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or  ulnar  division  of  the  great  sigmoid  cavity  is  less  developed 
in  the  Orang,  and  its  margin  is  more  extensively  internn»ted  xi 
its  middle  part:  the  radial  division  of  the  same  ca^-ity  erteii^ 
more  nearly  to  the  back  part  of  the  olecranon.  The  lesser  ^igMOBi 
caNity  is  more  nearly  semicircular  than  in  the  Orang.    The  rwip 
continue<l  a  short  wav  downward  from  the  inner  and  ulnar  an^r^r 
of  tlic  great  sigmoid  cavity  is  sharply  defined,  but  the  fossa  vbuK. 
it  bounds  is  much  less  deep  than  in  the  Orang.   The  interaesuuu- 
ridge  is  not  marked,  the  bone  being  there  rounded  oft*  in  tit- 
Chimpanzee.    The  styloid  process  is  better  develope<l  than  in  xk 
Orang.    The  carpus  consists  of  eight  bones,  as  in  Man.  TL 
thumb,  1,  is  relatively  longer  and  stronger  than  in  the  Oraj*::. 
The  pelvis  is  longer  in  proportion  to  its  breadth  tlian  in  th- 
Orang.    The  tuberosities  of  the  ischia  are  expanded,  flattened, 
and  bent  outward,  as  in  the  Orang.    The  expanded  part  of  tljif 
ilium,  62,  is  slightly  concave  anteriorly,  but  in  the  Orang  it 
plane.    The  spine  of  the  ischium  is  parallel  transversely  with  tht 
middle  of  the  obturator  foramen,  but  in  the  Orang  it  is  ftaraOe' 
with  the  upper  border  of  that  foramen.    The  ilio-ischial  angle  h> 
165°.    The  ischio-pubic  symphysis  is  longer  than  in  the  Orang:  ^ 
but  retains  its  longitudinal  parallelism  with  the  sacro-lumbu 
series  of  vertebraj.    The  posterior  wall  of  the  acetabulum  is  stiJ 
the  deepest*    The  bones  of  the  hind  extremity  are  relativelj 
longer  and  stronger,  especially  the  femur,  than  in  the  Orang;  boi  ^ 
the  most  marked  distinction  between  the  two  great  anthropoid 
Apes  is  seen  in  the  length  and  strength  of  the  hallux,  i,  in  the  . 
Chimpanzee.    The  articulation  of  the  tarsus  with  the  leg  still, 
however,  favours  the  oblique  position  of  the  foot,  and  adapts  i;  . 
for  grasping.    The  femur,  65,  shows  the  pit  upon  its  head  for  the 
ligament um  teres :  both  trochanters  are  relatively  larger  than  in 
the  Orang:  the  neck  is  longer,  thicker  in  proportion  to  the  head, 
and  passes  oft'  at  a  less  obtuse  angle  with  the  shaft.    The  shaft 
is  slightly  bent  forward  ;  it  is  not  straight:  the  condyles  are  more 
expanded,  especially  the  inner  one. 

In  the  Gorilla,  fig.  346,  the  scapula  is  broader  than  in  the 
Chimpanzee,  but  differs  from  that  of  Man  in  the  more  oblique 
course  of  the  spine,  which  gives  greater  extent  to  the  superior 
costa ;  in  the  greater  length  and  breadth  of  the  coracoid,  52  ;  in 
the  straightness  of  the  inferior  costa ;  and  in  the  greater  con- 
vexity of  the  base,  especially  as  it  approaches  the  lower  angle : 
the  plane  of  the  glenoid  cavity  is  less  parallel  with  the  base  than 
in  Man,  it  looks  more  obliquely  upward ;  the  suprascapular  notch 
is  not  defined. 
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The  ckviele,  aSj  is  thicker  than  that  in  Man,  with  a  subtrihedral 
shaft  and  the  sigmoid  flexure  less  marked ;  the  sternal  articuUr  sur- 
face is  less  oblong ;  the  acromial  end  is  broader  and  flatter  below. 

The  humerus^  m,  though  surpassing  in  length  that  of  Man» 
fig.  183,  53,  is  thicker  and  stronger  in  all  its  ridges  and  processes ; 
especially  at  the  lower  extremity,  the  transverse  diameter  of 
which  surpasses  that  of  the  upper  extremity  of  the  bone  in  a 
greater  degree  than  in  Man:  both  tuberosities  are  relatively 
greater,  the  *  lesser '  one  more  especially.  Immediately  above 
the  distal  articular  surface  are  two  depressions  divided  by  a  ridge 
continued  to  the  prominence  between  the  radial  and  ulnar  arti- 
culations; tlic  outer  or  radial  depression  is  the  smaller  and  shal- 
lower, the  inner  or  ulnar  one  is  larger :  it  answers  to  the 
*  curonoid  fossa'  in  Man,  but  becomes  a  foramen  in  lull-grown 
Gorillas,  by  absorption  of  the  thin  plate  of  hone  dividinj]^  it  from 
the  ancoueal  fossa  behind.  The  ectocondyloid  prominence  is 
more  marked  than  in  Man:  the  entocondyloid  one  is  more  pro- 
duced, is  angular,  and  compressed.  The  hack  j^art  of  the  humerus 
shows,  as  in  Man,  the  museuio-apiral  tract  divitling  the  ridges 
for  the  external  and  internal  heads  of  the  *  triceps  extensor.' 
The  configuration  of  the  lower  articular  surface  is  closely  similar 
to  that  in  Man ;  the  whole  surface  extends  a  little  further  below 
the  condylol  l  j  iuminences,  tdlowing  to  that  extent  a  more  free 
sweep  of  the  lore-arm  in  tiexiou  and  extension,  ami  ridding  power 
to  tlie  leverage  of  the  tendons  injserted  into  the  antihrachial  bones. 

Tf)e  medullary  artery  enters  the  fore  part  of  the  shaft,  but 
nearer  the  middle  of  the  hone  in  the  Gorilla  than  in  Man:  in 
both  the  course  of  the  canal  is  towards  the  elhow-joint.  The 
head  of  the  radius,  54,  has  an  elliptical  contour:  the  shaft  bends 
outward  so  as  to  leave  a  wider  interosseous  space  than  in  Man. 
The  neck  expands  to  the  tuberosity  which  shows  an  oblong  rough 
prominence  for  the  insertion  of  the  tendon  of  the  biceps,  behind 
or  '  ulnad '  of  the  smoother  prominence  supporting  the  bursa 
interposed  between  it  and  the  tendon.  Below  the  tuberosity  the 
shafl  assumes  a  pyrifonn  transverse  section  through  the  develope- 
ment  of  tlie  interosseous  ridgCt  which  extends  to  near  the  'sig- 
moid cavity.*  The  styloid  process  is  represented  by  a  prominence 
which  gives  a  larger  surface  than  in  ^lan  for  the  insertion  of  the 
tendon  of  the  *  supinator  longus.'  It  is  not  impressed^  behind  or 
externally,  so  deeply  by  the  two  grooves  for  the  extensor  muscles 
of  the  metacarpal  and  first  phalangeal  bones  of  the  thumb:  a  still 
stronger  tuberosity  divides  the  fossa  for  the  radial  extensors  of 
the  wrist,  from  the  wider  and  deeper  one  for  the  strong  tendons 
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of  the  extensor  communis  digitomm.   The  semicircular  deprefc 
for  the  lower  end  of  the  ulna  is  well  marked :  the  distal  artics^ 
surface  is  divided,  as  in  Man,  by  two  concave  facets,  the  Urr. 
one  for  the  os  scaphoides,  the  lesser  for  the  os  lunare:  the  anter* 
bonier  of  the  latter  is  much  produced,  giving  a  greater  yr^»^ 
tional  antero-posterior  extent  to  the  *  lunar '  surface  tb&n  in 
The  orifice  for  the  *  arteria  medullaris '  is  situated  as  in  Ma 
and  the  direction  of  the  canal  is  '  proximad '  or  towards  the  eP"*;'! 
joint.'     The  shaft  of  the  ulna,  55,  presents  two  slight  oppo; 
curves,  the  upper  one  concave,  the  lower  one  convex,  on  d 
ulnar  or  inner  aspect.     Viewed  sideways  the  whole  bone  hi* 
slight  bend  convex  backward.     The  lower  half  of  the  i'nk 
becomes  sul)cylindrical  as  it  descends.     The  ridge,  commeoah 
below  the  lesser  sigmoid  cavity,  is  strongly  marked  and  nn?* 
vertical  than  in  Man.    The  distal  end  of  the  ulna  siidden?ra 
pands  into  a  convex  reniform  articular  surface,  thickest  at  li 
middle,  where  it  plays  upon  the  lateral  concavity  of  the  radm 
The  difference  from  the  Chimpanzee,  most  significant  of  the: 
relative  position  in  the  Quadrumanous  series,  present^  bj  f- 
antibrachium  of  the  Gorilla,  is  its  inferiority  of  lengtJi  compare, 
with  the  humerus ;  fig.  346,  with  figs.  345  and  180. 

The  bones  of  the  wrist,  56,  agree  in  number  and  relative  poatki 
with  those  of  Man  ;  but  the  differences  of  shape  and  proporrirr 
give  a  greater  breadth  to  the  carpal  segment  in  proportion  to  b 
length,  in  the  Gorilla.  The  radial  surface  is  nearly  circular  b 
shape,  instead  of  being  oval  and  oblong  as  in  Man.  The  pis- 1 
forme  of  the  Gorilla  is  much  longer  in  proportion  to  its  breidi 
than  in  Man ;  whilst  the  articular  surface  for  the  cuneifonu? 
is  but  little  larger:  its  superior  length  gives  stronger  leverage 
to  the  great  ulnar  flexor  of  the  wrist.  The  trapezium  of  tlx 
Gorilla  differs  most  from  its  homologue  in  Man,  by  the  productios 
of  its  outer  unarticular  surface  into  two  diverging  tuberous  piv 
cesses  :  the  articular  surface,  moreover,  for  the  metacarpal  of  tk 
thumb  is  relatively  much  smaller  than  in  Man.  This  meti- 
carpal,  57,  is  a  little  longer  than  in  Man,  but  not  quite  so  broad: 
the  proximal  trochlea  is  more  concave  vertically  and  more  convei 
transversely,  and  the  distal  surface  is  more  convex.  The  proximil 
phalanx  is  one  fifth  longer,  and  is  more  slender  than  in  Man. 
The  metacarpals  of  the  other  fingers  are  more  than  one  thinl 
larger  and  longer  than  in  Man,  their  shaft  is  more  bent;  tie 

*  It  may  be  noted  that  the  hair  covering  the  arm  and  fore-arm  has  a  directiot 
conrc«ponding  with  tliat  of  the  medullary  arteries  of  the  brachial  and  antibrachiJ 
bonca. 
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>eroBttie8  beneath  the  proximal  articiihtr  !?inluces  are  better 
ve\oped.  The  proximal  phalanges  differ  not  only  in  their 
e»tly  superior  size,  but  iu  the  deep  exejivation  of  their  under 
watenor  siiriace,  which  is  bounded  by  rough  lateral  ridges; 
ey  are  also  more  flattened  and  rather  more  bent.  The  distal 
\«^langes  of  the  anterior  extremity  are  longer,  more  slender,  and 
as  expanded  at  their  rough  terminations. 

^iacH  OS  innomiiuituin  in  the  adult  male  (Gorilla,  n2,  is  one  foot 
^rec  mc"hes  in  lengtli,  that  of  Man  being  seven  inches  and  a  half : 
he  breadth  of  the  ilium  is  eight  inches  and  a  half,  that  of  Man 
»einn^  s\x  inches.    The  ilium  is  less  concave,  of  a  more  triangular 
igure,  the  anterior  border  being  much  longer  and  stralghter.  The 
iiorc  elonrrated  and  narrower  form  of  the  Musral  surface  oorresponds 
with  what  has  been  noticed  in  the  sacrum :  the  posterior  angle  or 
^pine  of  the  ilium  is  above  that  surface,  not  behind  it  as  in  Man : 
the  distance  between  the  antero-superior  and  antero-inferior  spines 
is  much  greater  in  the  Gorilla :  the  antero-inferior  spine  is  situated, 
as  in  Man,  just  above  the  acetabulum.    The  upper  ischiatic  notch 
'  is  much  less  deep  than  in  Man,  and  there  is  a  Tery  feeble  rudiment 
:  of  the  tuberoeity  dividing  it  from  the  lower  notch.    The  aceta- 
\>Yihim  is  not  much  larger  than  that  of  Man:  the  posterior  is 
:  deeper  than  the  upper  wall,  providing  for  resistance  to  the  femur 
.  m  a  aemi'flexed  rather  than  in  an  erect  position.   The  ischium 
'  extends,  as  in  the  Chimpanzee,  far  below  the  acetabulum,  where 
it  forms  a  strong  aubtrfliedral  column,  terminating  in  a  large 
flattened  outwardly  bent  tuberosity,  the  aspect  of  wldch  is  wholly 
'  downward,  not  backward,  as  in  Man :  the  united  plates  of  the 
ischium  and  pubes,  bounding  the  obturator  foramen  internally, 
«    are  considerably  broader  than  in  Man.    The  plane  of  the  ilium  is 
:    twisted  almost  at  right  angles  with  that  of  the  isehium  and  pubes. 

The  femur,  g3,  is  shorter  than  in  Man,  and  much  shorter  in 
.    j)r<)|Hiition  to  the  breadth  of  the  shaft  ;  the  head  is  more  relieved 
from  the  neck,  and  shows  a  less  deep  dej)rcssiun  for  the  ligamentum 
teres;  the  neck  is  less  oblique  tlian  in  Man;  the  great  trochanter 
rises  to  n  level  with  the  upper  border  of  tlic  head  ;  the  small  tro- 
chanter IS  l<'«s  prominent,  but  has  a  larjrcr  base  than  in  Man,  and 
is  more  remote  from  the  i^reat  trochanter.    The  iinea  as]>era  is 
less  (levelo})ed,  and  the  back  part  of  the  lower  half  of  the  shaft  is 
,      flat  and  smooth  :  the  inner  an^^le  of  the  jiopiiteal  space  presents  a 
wellnmarkcd  rough  depression,  Avhich  is  not  present  in  the  Human 
femur,  and  the  shaft  more  gradually  expands  to  the  condyles. 
The  outer  articular  condyle  is  narrower  than  the  inner  one,  the 
'     revene  being  the  case  in  Man :  the  inner  condyle  is  not  longer 
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than  the  outer  one,  as  in  Man.    The  rotnlar  STirfac^  is  shilV'^^r 
the  lateral  borders  are  better  defined  :  the  nicihjjhiry  arten  f*»t^ 
the  middle  (^f  tlie  back  part  of  the  shaft,  and  the  course  €tt  izs. 
canal  is  pinximad  or  upward. 

The  leujitli  of  the  til)ia  is  one  foot  six  lines,  and  it>  ^Irms'  * 
as  thiek  as  in  Man,  and  exjmnds  more  gradually  to  the  di^iai 
the  conformation  of  the  proximal  snrAioe  is  siinilnr  to  that  in  "l^ar 
the  spine  is  rather  stron^^er,  and  an  anterior  s|»int'  ^r  tuhercNsjJiTy 
more  distinctly  developed.    The  internal  tuberosity  in  front  ~r 
fibular  one  is  better  defined ;  the  interosseous  rid^re  i:?  ver\  t'esel 
marked  in  the  Grorilla,  and  the  anterior  ridge  of  the  abaft  is  TMsm 
lesa  marked  than  in  Man.    The  astragalar  surface  is  more 
lating,  less  concave,  and  more  directly  continued  upon  the  inren& 
malleolus:  the  side  of  the  distal  end  ne.xt  the  f^^ula,  instead 
being  concave^  forms  an  anrrular  pro  jection-  The  fibula  is  Bhrtrtgr 
in  proportion  to  its  length  than  in  Man;  the  lower  articotj 
suiface  of  the  fibula  is  flatter,  and  divided  into  tiro  fiusets  nceti 
distinctly,  than  in  Man.  | 

The  aBtragalus  of  the  Gorilla  equals  in  size  that  of  Mia  J 
but  is  broader  in  proportion  to  its  length:  the  surface  for  Ik  I 
tibia  is  less  defined,  especially  Irom  the  inner  facet,  which  is  Ar^ 
Gorilla  is  almost  horizontal  and  appears  as  a  ooncave  inner  tena- 
nation  of  the  upper  surface.  The  anterior  surfaoe  is  more  convex 
especially  vertically,  and  more  directly  continued  into  the  antenr 
calcaneal  sur&oe.  The  inner  tuberosity  is  larger  and  more  sd- 
vanccd :  the  Gorilla  differs  from  the  Chimpanzee  in  the  greater 
size  of  this  process,  and  in  the  jfreatcr  proportional  s^ize  of  th 
scaphoid  convexity,  in  which  res])cct  its  astragalus  more  resemble* 
that  of  Man.  The  calcaneum  of  the  Gorilla  is  a  loncrer  and  mort 
slender  bone  tiian  in  Man,  which  is  chicflv  due  to  the  greater 
length  and  slendcrnesf^  of  the  jwstcrior  or  calcaneal  process.  Tht 
lower  surface  of  the  bone  is  smoother,  narrower,  and  more  ooncavc 
longitudinally  :  the  gioovr  i'oi-  tlie  flexor  t(  lulons  beneat  li  t  he  inner 
astragalar  surface  itj  wider  and  l)ctTer  defined :  that  astragalar 
surface  is  broader  in  pro]»ortion  to  its  lenprth,  and  there  is  a  deep 
longitudinal  groove  on  the  outer  side  below  tlie  outer  astragalar 
surface,  which  does  not  exist  in  Man.  The  anterior  culK>idal  em^ 
face  is  placed  furtlier  from  the  outer  side  of  the  bone  than  in 
Man ;  the  outer  side  forming  a  rough  convex  protuberance  at  its 
anterior  half.  The  naviculare  is  one  third  larger  than  in  Man,  tlie 
increase  being  in  its  transverse  extent,  and  due  to  the  greater 
development  of  the  rough  convex  protuberance  at  the  inner  end<if 
the  bone*   The  entocuneiform  has  an  equal  vertical,  but  a  minor 
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lonp^tadimd^  extent  than  in  Man,  and  chiefly  differa  in  the  con- 
vexitj  of  the  articulatbn  for  the  hallux,  which  artionUr  surface  in 
Man  is  nearly  flat :  this  difference  is  yery  significatiye  of  the  dif- 
ferent function  of  the  hallux  in  the  two  species ;  the  chief  fulcrum 
of  the  foot  requiring  a  firm  articulation  in  Man,  but  in  the  Gbrilla 
great  extent  of  motion  for  the  functions  of  an  opposable  grasping 
thumb.  The  metatarsal  of  the  hallux  is  fully  as  large  as  that  in  Man ; 
it  differs  in  the  deeper  ooncayity  of  the  proximal  articular  surface, 
and  in  the  more  prominent  convexity  of  die  distal  one.  The 
proximal  phalanx  of  the  hallux  also  equals  that  of  Man  in  size ; 
the  borders  of  its  proximal  concavity  are  less  neatly  defined.  The 
ungual  phahinx  is  s<Miiewhat  less  tlian  that  of  Man,  especially  hi 
its  tenuiiial  rou^h  tul)erosity  ;  it  is  concave  below  instead  of  being 
convex.    Tiic  remainitig  metatarsals  oi'  the  foot  are  nmch  longer 
and  stronger  than  in  Man  ;  the  upper  border  is  more  bent.  The 
first  and  second  jihalanj^^es  are  larger  and  more  bent.    The  ungual 
phalanges  arc  longer  and  narrower  in  proportion  than  in  Man. 

In  all  the  characters  by  which  the  bones  of  the  foot  of  the  Go- 
rilla depart  from  tiie  Human  type,  those  of  the  Chimpanzee  recede 
in  a  greater  degree,  the  foot  being  in  that  smaller  aj»e  lietter 
adapted  for  grasping  and  climbing,  and  less  for  occasional  upright 
posture  and  motion  upon  the  lower  limbs.  The  lever  of  the  heel 
i>  relatively  shorter  and  more  slender;  the  hallux  has  still  more 
iider  proportions,  and  the  whole  foot  is  narrower  in  proportion 
to  it^  lengtli,  more  curved  towards  the  planta^  and  more  inverted 
in  the  Chimpanzee. 

On  a  retrospect  of  the  skclctf^^is  of  tin*  lati'^tornal  tailless 
Catarrhines,  it  niay  be  observed  that  no  ( >rang,  Chimpanzee,  or 
Gibbon  has  mastoid  processes  ;  they  are  present  in  the  Gorilla, 
but  smaller  than  in  Man.    in  the  Chimpanzee,  as  in  the  Orangs, 
Gibbons,  and  inferior  SimitB,  the  lower  surface  of  the  long 
tympanic  or  auditory  process  is  more  or  less  flat  and  smooth, 
developing  in  the  Chimpanzee  only  a  slight  tuberdcy  anterior  to 
the  stylo-hyal  pit.    In  the  Gorilla  the  auditory  process  is  more 
or  less  convex  below,  and  developes  a  ridge,  answering  to  the 
vaginal  process,  on  the  outer  side  of  the  carotid  canal.  The 
processes  posterior  and  internal  to  the  glenoid  articular  surface, 
especially  tlic  internal  one,  are  better  developed  in  the  Gorilla 
tlNOi  in  the  Chimpanzee ;  the  ridge  which  extends  from  tiie 
eetopterygoid  along  the  inner  border  of  the  foramen  ovale  ter- 
minates in  the  Gorilla  by  an  angle  or  process  answering  to  that 
called  '  styliform  *  or  *  spinous  *  in  Man,  but  of  which  there  is  no 
trace  in  the  Chimpanzee*  Orong,  or  Gibbon. 
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The  orbits  have  a  full  oval  fonn  in  the  Oransr :  tbevare  alnn*! 
circular  in  the  Chimpanzee  and  Sianumg,  more  nearly  circuW,  aini 
with  a  more  prouiiiient  rim,in  the  i^inuller  Gibbons  ;  in  the  (tonlk 
aloDC  do  they  present  the  form  which  used  to  he  deemed  peculiar 
to  Man.  The  occipital  foramen  is  nearer  the  back  pnrt  t-.f  thf 
cranium,  and  its  ])lane  is  more  sloyjinir,  less  boriz<»nt:d  i:j  tiie 
Siamani:  tliaii  in  the  Chimpanzee  andl.iorilla.  Consiilerini:  the  lea* 
relative  prominc  lu  t  of  the  fore  part  of  the  jaws  in  tbe  Siaman^r. 
as  compared  with  the  Chimpanzee,  the  occipital  cdiaracter  of  thai 
Gibbon  and  of  other  species  of /^/oi«/<'*  marks  well  their  inferior 
]w?ition  in  the  qnadnmianons  scale.  The  characteristio»  oi  the 
limbs  in  Man  are  their  near  equality  of  length,  but  the  lower  limbs 
are  the  longest.  The  arms  in  Man  reach  to  below  the  »"^ii41^  of 
the  thigh ;  in  tbe  Gorilla,  fig.  346,  they  nearly  attjun  the  knee  :  it 
the  Chimpanzee,  fig.  345,  they  reach  below  the  knee  ;  in  the  Ora^ 
they  reach  the  ankle ;  in  the  Siamang,  fig.  180,  they  reach  the  $ole  : 
in  most  Gibbons  the  whole  palm  can  be  applied  to  the  ground  with- 
out the  trunk  being  bent  forward  beyond  its  naturally  inciin^ 
position  on  the  legs.  These  gradational  diffisrences  coincide  wiA 
other  characters  determining  the  relative  proximity  of  the  Aps 
compared  with  Man. 

In  the  Gorilla,  the  humerus,  though  less  long  compered  witb 
the  ulna  than  in  Man,  is  longer  than  in  the  Chimpeiixee ;  In  the 
Orang  it  is  shorter  than  the  ulna;  in  the  Siammng  and  other 
Gibbons  it  k  much  shorter.  The  peculiar  length  of  arm  in  those 
*  long-wned  apes '  is  chiefly  due  to  the  excessiTe  length  of  the 
antebrachial  bones. 

The  difference  in  the  length  of  the  upper  limbs,  as  compered 
with  the  trunk,  is  but  little  between  Man  and  the  Gorilla.  The 
elbow-joint  in  the  Gorilla,  as  the  arm  hangs  down,  is  opposite  ths 
'  labrum  ilii,*  the  wrist  opposite  the  *  tuber  ischli ; '  it  is  rather 
lower  down  in  the  Chimpanzee ;  is  opposite  the  knee-joint  in  the 
Orang ;  and  opposite  the  ankle-joint  in  the  Siamang.  The  iliac 
bones  are  not  so  broad  in  pro^>ortion  to  theur  length  in  an  j  a^te  es 
in  the  Gorilla.  In  the  Orang  they  are  flat,  or  present  a  oonoavitY 
rather  at  the  back  ^an  at  the  fore  part  In  the  Siamang  they  are 
not  only  flat,  but  are  narrower  and  longer,  resembling  the  iliac 
lK)nes  of  tailed  monkeys  and  ordinary  quadrupeds. 

The  lower  limbs,  though  characteristically  short  in  the  Gonlla. 
arc  lonsrer  in  ]>roportion  to  the  upper  limbs,  and  also  to  the  enure 
trunk,  than  iii  the  Chimpanzee:  they  are  much  longer  in  both  pn>- 
|H>rtion>  and  more  robust  than  in  the  Orangsor  Gibbons.  Hut  ihe 
guiding  points  of  comparison  here  are  the  heel  and  the  hitiiuj^. 
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rhe  heel  in  the  Gorilla  makes  a  more  decided  backward  projecdon 
AiftQ  in  the  Ohimpanzee  ;  the  heelbone  is  relatively  thicker,  deeper, 
tOOTe  expanded  vertically  at  its  hind  end,  besides  bein«:^  ^idly  as 
Long  aa  in  the  Cliimpaazee.    Among  all  the  tailless  Aj)es  the  cal- 
•caneum  in  the  Siamang  and  other  GiL>l)i»iis  least  resembles  in  its 
shape  or  priHH,rtional  size  that  of  Man.      Although  the  loot  be 
articulated  to  the  leg  with  u  slight  inversion  of  the  sole  it  is  more 
^\M»ur\y  \)luntigrade  in  the  CJorilla  than  in  the  Chirnpanzee.  The 
Oraiig  departs  far,  and  the  (  ribbons  farther,  lioin  the  Human  type 
,  in  the  inverted  posit of  the  foot.    The  great  toe  which  forms 
^  the  I'ulcrum  in  standing  oi  wnlkin<r  i*^  perhnps  the  most  charac- 
.  teriBtic  peculiarity  in  the  Human  structure;  it  is  tiiat  modification 
.  which  differentiates  the  foot  from  the  hand,  and  gives  the  cha- 

*  vacter  to  his  order  (Bimana).  In  tlie  degree  of  its  approach  to 
this  developement  of  the  hallux  the  quadrumanous  animal  makes  a 
true  step  in  affinity  to  Man.  The  Oraog-utan  and  the  Siamang, 
tried  hy  this  test,  descend  far  and 
abruptly  below  the  Chimpanzee 

*  and  Gorilla  in  the  scale.  In 
the  Orang  the  hallux  does  not 
reach  to  the  end  of  the  metacarpal 
of  the  second  toe ;  in  the  Chinn 
panzee  and  Gorilla  it  reaches  to 

'     the  end  of  the  first  phalanx  of 

the  second  toe :  hut  in  the  Gorilla 

the  hallux  is  thicker  and  stronger 

than  in  the  Chimpanzee.  Inhoth, 

however,  it  is  a  true  thumb  by 

porition,  diverging  from  the  other 
'      toes,  in  the  Gorilla,  at  an  angle  of 

60  degrees  from  the  axis  of  the 

foot. 

§  191.  Skeleton  of  Bimona. — 
The  partis  of  the  bony  frame  of 
Man,  fig.  183,  are  co-ordinated 
for  station  and  locomotion  on  and 
by  the  pelvic  limbs,  which  sus- 
tiiin  the  trunk  erect,  i\m\  libcrnte 
the  j>et;toral,  now  the  upper  Uuibs, 
for  other  uses. 

A,  Vertebral  Column.  —  This  is  disposed  in  an  undulating  series 
of  op[)osite  curves,  fig.  362  ;  backward  in  the  chest  and  sacrum* 
forward  in  the  ioina  and  neck.    The  vertebne  which  rest  on  the 
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base  of  the  broad  sacral  wedge  gradually  decrease  in  size 
third  cervical.    In  regard  to  breadth,  they  decrease  to  the  foard 
dorsal,  then  increase  to  the  first  dorsal,  and  ag-ain  decrease  to  ike 
second  cervical.    A  soft  elastic  cushion  of  *  intei^  ertebral  *  mb- 
stance  lies  between  the  bodies  of  the  vertebrae.     The  disnriba- 
tion  and  libration  of  the  trunk,  with  the  superadded  weig'ht  of 
head  and  arms,  are  favoured  by  these  gentle  curves,  and  tie 
shock  in  leaping  is  broken  and  diffused  b^'  the  numerous  elata* 
intcrvertebral  joints.    The  expansion  of  the  cranium  behiod,  aad 
the  shortening  of  the  face  in  front,  give  a  globe-like  form  to  tke 
skull,  which  is  poised  by  a  pair  of  condyles,  advanced  to  neartW 
middle  of  its  base  upon  the  cups  of  the  atlas  ;  so  that  there  is  bit 
a  sUiiht  tendencv  to  incline  forward  when  the  balancing  actioa  ^ 
the  muscles  ceases,  as  when  the  head  nods  during  sleep  in  M 
upriirht  picture.    The  free  or  *  true'  vertebra;  are  c  7,  D  12,  l5. 
The  TOctajx^physis  becomes  distinct  in  the  eleventh  and  wcli- 
dcvclopoti  in  the  twelfth  dorsal,  in  which  the  ana]>ophvses  »r? 
rocoirnisablo,  and  the  diajKiphyses  reduced  to  tubercles  w^lli"t^ 
joi  artjcuUr  facet.    The  neural  spines  increase  in  length 

inclination  '  sacrad  *  (downward  ■ 
Man,  backward  in  brutes)  from  iht 
fourth  to  tlie  twelfth  dorsal,  and  ia 
length  and  direction  *  dorsad  '  froa 
the  fourth  dorsal  to  the  last  ceni- 
cal :  they  all  have  tuberous  tenni- 
nations. 

The  dorsal  series  of  twelve  vert*^ 
bnc,  with  all  their  elements,  consti- 
tute the  *  thorax  '  in  anthropotomT, 
fig.  363,  tlie  parts  of  the  much  de%p- 
lojied  haimal  arches,  not  anchyl<*<d 
like  those  of  the  neural  arches  with 
the  centrum,  being  reckoned  a* 
distinct  bones.  The  pleurapojAyst** 
are  termed  *  costa; '  or  ribs,  the 
hanna|H>physes  *  costal  cartilages  ' 
being  rarely  ossified  :  as  many  cif 
the  haemal  spines  as  may  be  ossified 
arc  called  *  sternum.'  The  first  and 
largest,  which  longest  retains  its 
individuality,  is  the  *  manubrium,' 
•.V  .^•s  '» * ;  the  i*artilages  of  the  first  pair,  and  j»art  of 

»Kx^*,  .%       5<vv«i  jwur  i>f  ribs.  The  four  succeeding  ^steniebera,' 
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ib.  e,  g,      coalesce  to  form  the  *  gladiolus  *  or  '  body '  of  the 
sternum :  the  sixth  piece,  which  commonly  remains  distinct,  is  the 
•  xiphoid  appendage,  x.*    The  parts  of  the  sternum  arc  usually 
developed  each  from  a  single  centre,  as  at     i,  2,  3,  4:  but  occa- 
sionally, and  usually  the  lower  ones,  are  developed  from  a  pair  of 
centres,  c,  1,  .1,  4,  as  in  ihe 
broader  breast-bone   of  tlic 
Gorilhi  and  Orang  :  a  fissure 
or    i 01  allien  may  persist  as 
an  anomaly,  iig.  364,  d,  s: 
but  the  union  of  the  pairs 
transversely  usually  precedes 
that  in  a  longitudinal  direc- 
tion.    In  fii^.  304,  fT  repre- 
sents tiie  primordial  cartilages 
of  the  dorsal  hicmapophyses 
and   spines ;    ib.,  h  and  c, 
vnrioties  in  the  ossific  nuclei. 
Occasionally  a  ])air  of  tuber- 
cles, ib.  V  *,  indicate  e])ister- 

nal  rudiments.*  The  second  to  the  seventh  pairs  of  costal  cartilages 
articulate  with  the  sternal  btxly  :  the  second  between  it  and  the 
manubrium  :  the  seTenth  between  it  and  the  xiphoid  appendage : 
the  first  to  the  manubrium  excluaively.  The  ribs  which  thus  join 
the  sternum  are  called  *  true 3G5 
the  five  remaining  pairs  *  false,* 
and  of  these  the  last  two  are 

•  floating  *  ribs.  The  propor- 
tions of  the  dorsal  pleurapo- 
pbyses,  or  bony  ribs,  and 
their  degrees  of  curvature, 
are  shown  in  fig.  363,  in  their 
position  after  deep  expiration. 
In  each  is  distinguished  the 

*  hesd,*  fig.  365,  c,  the  *  neck,* 
/,  the  *  tubercle,'^,  and  the'  shaft,*  the  part  of  the  curre  marked 
h  being  called  the '  angle : '  is  the  '  sternal,*  or  rather  hasmapo- 
pbysial  end  to  which  the  shaft  usually  slightly  expands.  The  first 
and  last  three  ribs  have  a  single  articular  suiface  on  the  head :  in 
the  rest  it  is  divided  into  two  facets.  The  tubercular  articular 
Burfflcc  is  wanting  in  the  last  two  pairs.  When  the  pleurai>opliyses 
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of  the  last  cervical  or  first  lumbar  vertebra  happen  to  be  ekmgttet 
and  free,  they  are  added  to  the  niimbers  of  '  pairs  of  ribs  *  miD- 

thropotomical  computation. 

As  a  rule,  the  coalesced  pleurapophyses  make  long: '  transTer^e 
])rocesses'  iu  the  lumbar  vertebne  ;  in  the  iirst  of  which,  as  com- 
j;ured  with  the  last  dorsal,  the  centrum  is  much  increased  iii  aiz*?, 
and  the  neural  spine  in  extents    The  metapophysial  tubercles  are 
also  enlarf«;ed,  but  do  not  project  so  ireely,  by  reason  of  tlm  ex- 
tension of  the  articulai   :^urface9  of  the  anterior  zyg^a\H}i>hy^f> 
U()on  the  iaiH  r  sides  oi  their  base.     The  anajx>physinl  tubcn  li^a 
are  still  distinct.     The  ?e<*ond  lumbar  vertebra  chiefly  diifcr^ 
from  the  first  hy  a  tliL^lit  increase  in  the  size  of  the  centnuii 
and  in  the  length  of  the  diapophysis.    The  anterior  zygapo- 
pbyses  are  Urger  and  look  more  directly  inwards.    Both  metapo- 
physial  and  annpophysial  tubercles  are  distinct.    The  backward 
production  of  the  posterior  zygapopbysee  occasioning  the  deep 
posterior  emargination  of  the  neural  arcb  is  a  characteristie  dis- 
tinction of  iJie  Human  lumbar  vertebra.   Both  metapopbjaisl 
and  anapophysial  tubercles  continue  distinct  on  the  tbiid  kunbsr 
vertebra.   The  body  of  the  fourth  lumbar  vertebra,  though  muck 
broader,  is  not  longer  than  that  of  its  homologue,  the  third  lumbar, 
in  the  Chimpanzee.   It  likewise  shows  a  marked  diminution  in  the 
antero-posterior  extent  of  the  neural  arch,  occasioned  principally 
by  a  diminished  length  and  increased  breadth  of  the  poeterior 
zygapophysis.    The  anapophysial  tubercles  sre  distinctly  deve- 
loped.   The  fifth  lumbar  vertebra  is  characterized  not  only  by  its 
superior  size,  but  by  the  great  transverse  expansion  of  the  hinder 
part  of  the  neural  arch  concomitant  upon  the  superior  develoj>- 
ment  and  outward  expansion  oi  the  posterior  zygaiM>]ihyscs.  The 
diapdphyses  and  neural  spine  arc  shortciird:  the  anapoj)hy>ei5 
appear  like  a  part  of  the  upper  border  of  the  baae  of  the  diapo- 
physis pinched  up  and  j)roduced  backwards.    The  meta]>op]i v<i;d 
tubercles  are  separated  by  a  groove  from  the  anterior  zygap<>- 
physcs. 

The  sai  rum,  fi*:^.  366,  consists  of  five  ancliN  l(>Hod  vortcbnr. 
They  difier  from  those  of  the  Gorilla  by  their  greater  breadth 
and  by  tlieir  anterior  concavity  both  lengtliwise  and  transversely. 
The  anterior  nervous  foramina,  6,  are  relatively  much  larger:  the 
spinous  processes  are  shorter  and  thicker.  The  coalesced  plenra- 
pophyses,  pi,  b,  of  the  two  anterior  sacrals  chiefly  form  the  sacro- 
iliac joint  The  neural  arch  of  the  last  two  sacral  vertehne,  </, 
Cy  is  incomplete. 

The  first  coccygeal  vertebra,  ib.  C,  e,  is  less  flattened  and  is 
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sborter  than  in  the  Chimpanzee  :  the  neurapophyses,  />,  are  longer, 
the  diapophyses,  are  shorter :  the  terminal  coalesced  vertebrae, 
c,  d,  are  reduced  to  their  *  centrums.'    Each  of  the  three  upper 
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sacral  vertebra;  are  developed  from  five  primary  nuclei,  one,  fig. 
367,  «,  for  the  centrum,  a  pair  for  the  neurajH)physe8,  and  a  second 
pair,  by  for  the  pleurapophyses :  the  accessory  ossifications  form, 
as  epiphyses,  the  articular 
surfaces  of  the  centrums. 
In  the  fourth  and  fifth 
sacrals  the  transverse  pro- 
cesses are  exogenously 
developed. 

The  spines  of  the  six 
lower  cerv'icals  are  short 
and  bifurcate.  As  a  rule, 
the  vertebrartcrial  canal  is 
completed  in  the  seventh 
as  in  the  other  cervicals. 

In  the  atlas  there  is  a  tubercle  from  the  hypapophysis  repre- 
senting the  body,  and  a  rough  surface  on  the  neural  arch  in 
j)lace  of  a  spine.  The  vertebral  artery  perforates  the  transverse 
process  lengthwise,  and  afterwards  grooves  the  neural  arch 
behind  the  produced  angles  of  the  anterior  zygapophysis.  The 
body  is  lunger  and  deeper  in  proportion  to  ith  breudtli  than  in 
the  Gorilla.  The  surface  for  the  odontoid  is  more  nearly 
ciR*ular  and  better  defined.  The  cavities  for  the  condyles  are 
relatively  larger,  deeper,  with  their  margins  more  produced.  The 
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arterial  foramina  are  relatively  larger  and  the  jx»>^teri«>r  zviiaj*"*- 
physes  arc  relatively  much  larger  than  iu  the  Ciiiiupaiixee  ami 

Gorilla. 

These  (lifterences  chiefly  relate  to  the  more  secure  arTlciilaru  a 
and  supj)ort  of  the  vertically  sustained  head  in  tlie  lluiiiaii  f^pecies. 
and  to  the  larger  size  of  the  cerebral  organ  in  part  nourkkeJ 
by  the  vertebral  arteries.  The  development  of  tiie  xyff3|»> 
pliyscs  gives  a  greater  antero-posterior  extent  to  thoae  parts  nf 
the  atlas,  and  the  transverse  processes  are  thicker  in  profMiiiuB 
to  their  length. 

The  foregoing  observations  on  individual  vertebra  *re  drmvm 
from  an  examination  of  the  vertebrae  of  a  male  Australian. 

By  SkulL  Taking  the  lowest  form  of  Human  skull  thml  hm 
come  under  my  observation,  figs.  368-370,  the  difTereoot  » 
great  and  abrupt  from  that  of  tlie  highest  Ape,  in  the  ftupcnur 
capacity  of  the  cranium  and  small  size  of  the  face.  On  a  cc>ii»- 
parison  of  a  front  view>  fig.  368«  with  fig.  358»  the  crmnial  domt 
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forms  ihe  baol^ground  for  all  the  parts  of  the  skull  shore  the 
zygomata.  The  frame  of  the  orbits  is  not  produced  clear  of  the 
dome,  so  as  to  project  beyond  it.  The  malars  and  oontignoas 
parts  of  the  maxiUuies  have,  relatively,  much  less  depth.  The 
nasals  are  arched  transversely.  The  bony  nostril  is  larger  and 
higher  in  position,  rising  to  between  the  orbits.  The  alveolar 
border  is  arched  transversely,  and  the  curve  is  not  interrupted  by 
excessive  expansion  of  the  socket  of  any  smgle  tooth.  On  com- 
paring the  side  views,  fig.  369,  with  fig.  357,  the  larger  cranium 
of  the  savage  is  still  more  conspicuous ;  the  expansion  is  not  only 
upward  and  lateral,  but  backward  and  downward,  btinging  the 
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floor  of  the  cavity  to  the  level  of  the  lower  teeth^  when  the  man- 
dibular ramus  rests  on  a  horizontal  plane.  The  supranasal  ridge  is 
not  iso  produced  as  in  the  Gk>riUa.    The  zygomatic  arch  is  shorter 
and  more  slender ;  the  mandible  shows  both,  the  angle  and  the 
*  mentum,'  instead  of  being  rounded  off  at  both  ends  as  in  the 
Oorilla.   But  the  most  important  differences  are  brought  out  in 
the  ba8e-\'iews,  iigs.  370  and  359.    In  the  lowest  as  in  the  high- 
est Human  race,  the  foramen  magnum  is  placed  nearer  the  centre 
of  the  base  of  the  skull,  the  anterior  end  of  the  condyles  reach- 
ing: ^li^  tniusvert^e  line  which  equally  bisects  the  base.    The  con- 
ilylcis  arc  relatively  larger.    The  mastoids  are  dcvelnpcd  into  pro- 
ecBBCS  of  the  size  and  forni  v.  hioh  p^ave  rise  to  the  name.  Tlie 
zygomatic  arches  are  in  the  anlerior  half  of"  tlii.s  view  of  the  skull, 
but  are  oj)j)i)site  the  middle  third  in  the  Gorilla.     The  f-ty  l«)-liyuls 
are  auchylosed,  and  mk  .su[)])orted  anteriorly  by  a  ridijc  from  the 
tympanic  called  the  '  vaginal  process.'    The  enstachiau  pn)cess  of 
the  petrosal  is  shorter.    A  short  styliforui  process  is  developed 
from  the  lower  an<l  outer  angle  of  the  alisphenoid.    The  glenoid 
cavity  for  the  niandiljtilar  condyle     dcc  por,  and  is  formed  behind 
by  the  tympanic.    'IMiere  is  nl^^o  n  Ituv  ]t(VFt<j;lcnuid  prominence. 
The  hoiiy  palate  is  nuich  shorter,  hut  is  proportionally  (I-m  jior 
and  broader,  and  the  teeth  arc  arranged  in  a  full  seniielliptie  (  (tn- 
tour  without  any  natural  intersj)ace,  the  crowns  being  of  equal 
lentrtli.     In  the  Gorilla  the  alve«»li  of  the  molars  and  canine 
of  one  side  are  in  a  straight  liae>  paruiiei  with  those  of  the  other 
side. 

As  a  general  rule  the  form  of  the 

liuman  cranium,  seen  from  above, 

fig.  371,  is  a  full  oval,  with  the 

smidl  end  forward,  and  the  largest 

diameter  across  the  '  parietal  emi- 
nences,* fig.  375,  e.  The  bones  seen 

in  fig.  37 1  are  the  superoccipital,  o, 

the  parietals,     and  the  frontal,  f  ; 

the  sutures  are  the  <  lambdoid/ 
the  '  sagittal,'  b,  and  *  coronal/  a. 

In  fig.  372,  o  marks  the  expanded 
and  outwardly  convex  snperoccipital, 
articnlated  by  the '  lambdoid '  suturey 
c»with  the  parietal*  and  by  the  'mast- 
occipital  *  suture  with  the  mastoid : 
g  marks  the  poster-inferior  angle  of  the  parietal,  P,  which  unites 
by  the  'mast-occipital*  suture  with  the  nuwtoid:  this  angle 
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is  impressed  on  the  inner  side  by  the  lateral  sinus ;  <r  is  tii^*  . 

*  squamous  *  and  a  the  *  coronal '  suture.     The  frontal,  ?,  ^  \ 
joined  by  the  *  external  angular  process/  i,  to  the  inalax,  whifk. 
with  the  alisphenoid,  divides  the  orbital  from  the  temporal  fi»?ea. 

The  alisphenoid,  «,  and  fx*- 
articulated   portion    of  |m- 
rietal,  /,  divide  by  a  broader 
tract  the  frontal,  F,  from  tk^ 
temporal,   T,    as  compared 
with   the   Australian.  In 
more  intellectual  races  th-r 
cranial  cavity  is  relativelT 
larger,  especially  loftier  an'-, 
wider.  The  foro-parts  of  the 
upper  and  lower  jaws,  cod- 
comitantly  with  earlier  wean- 
ing, are  less  produced,  and 
the  contour  descends  mcnne 
vertically  from  the  longer 
and  more  prominent  nasali. 
The  ascending  ramus  of  the 

Skull  of  a  well-formcJ  European.  mandiblc,  K,  is  lofticr.  The 

malar,        is   less  protube- 
rant, and  the  mastoid,  w,  more  so. 

The  vertical  longitudinal  section,  fig.  373,  of  a  well-formed 
European  skull,  best  exemplifies,  in  comparison  with  fig.  395,  the 
characteristic  proportion  of  the  liuman  cranial  cavity.  The  ba^i- 
occipital,  1,  coalesces  with  the  basisphenoid,  5,  and  this  with  the 
presphenoid,  such  base  of  the  cranium  rising  as  it  advances.  The 
chief  part  of  the  foramen  magnum  is  formed  by  the  exoccipitals,  2; 
the  plane  of  the  foramen  looks  downward,  with  a  slight  inclination 
forward.  The  superoccipital,  3,  is  expanded  and  bulged  outward 
by  the  cerebellum  and  posterior  cerebral  lobes.  The  petrosal, 
perforated  by  the  foramen  auditorium  internum,  is  le;  between 
this  and  the  alisphenoid,  6,  is  the  squamosal ;  they  contribute  but 
small  proportions  to  the  cranial  walls,  which  are  chiefly  due  to  the 
expanded  neural  spines  called  'parietal,'  7,  and  *  frontal,'  ii,  with 
the  above-mentioned  superoccipital,  3  :  u  is  between  the  *  orbito- 
sphenoid  '  (*  lesser  ala  of  the  sphenoid,'  in  anthropotomy)  and  the 
coalesced  '  prefrontals  '(*  perpendicular  plate  of  the  ethmoid  'with  the 

*  crista  galli,'  ib.).  The  rhinencephalic  fossa  is  shallow,  ill-defined, 
relatively  small,  and  floored  by  the  *  cribriform  plates.'  In  the 
nasal  cavity  the  inferior  *  turbinal,'     and  the  *  middle  turbinal,' c, 
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are  showiu  The  bonj  palate  arched  both  lengthwise  and  traiu- 
versely  Is  formed  by  the  palatmea,  to,  maxiUanes,  a,  and  amaU 
confluent  premaxiUaries,  2S,  supporting  the  incisor  teeth.  The 

pterygoid  appendage  is  marked  as. 


373 


The  *  hyoid  bone,'  fig.  374,  consists  of  a  *  body  *  (basi-hyal),  two 
*  lesser  comua*  (stuntetl  cerato-hyals),  and  two  'greater  cornua* 
(thyro-hyals).    The  body,  b,  41,  is  conii)ressed  aiitero-posteriorly, 
curved  and  extended  transvLTscly,  witb  a  prominent  tubercle  i'roui 
the  fore  part,  answering  to  tliai 
which  supports  the  *  glosso-hyal, 
fig.  'AO't.  II  h,  in  the  horse ;  it  is  not 
expanded  and  excavated  behind, 
as  in  Apes.     The  cerato-hyals, 
40,  are  reduced  t<j  mere  pisiform 
nodules  of  hone  projecting  from 
the  line  of  union  of  the  basi-  and 
thyro-liyaU.  J'lie  ligaments  which 
pass  from  the  *  lesser  cornua'  to 
the  '  styloi»l  j»rocei«ses'  represent 
the  rest  of  the  *  eerato-liyals"  with 
thn  *  eplliyals,'  in  jiriinitive  sele- 
r(iu>  tis:iue.   The  greater  e(>rnua, 
46,  are  attach*  1  to  the  body  by 
anoxpainieii  end  ;  a  layer  of  car- 
tilage interveTH"*'  to  ;i  1:iti-  jn  fiod  : 

Uic  op[>osite  end  u  eU'^htly  expanded  and  nometimes  bears  an 
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SknU  of  dilM  at  blvtli. 


epiphysis  :  they  are  joino<l  liy  ligament  to  the  th^^niifl  ^^nrtiltg^ ;  ou 
which  account,  aUhouuli  homologous  with  a  j»:iir  t-t"  iIk- •  f'^fTii"- 
branchials'  ot" fishes  and  batrachiaiis,  they  are  tt  rnnMl  •  tli\  n-hvak 
The  Human  skull  presents  varieties  related  to  *«ex,  »dJ 
race.  Those  of  sex  are  €xcnij>]ifie(l  in  the  smaller  size  of  thetVmilr 
skull,  the  more  drlieate  |)r(>])()rtii)iis  of"  the  facial  bones,  t)ie  juiox 
promineuce  of  the  uiahirs,  !np!ituni,  and  angles  of  the  jaw. 

In  the  skull  of  the  child  at  hirtli,  fig.  .'i75,  the  jau  fi,  throu^rh 
non-developcment  of  the  teeth  and  their  sockets,  axe  rtlati\e)\ 
smaller  than  in  the  adult;  but  the  facial  angle,  owing  U*  the  r»|»i>i 
growth  of  the  brain,  ia,  perhaps,  nearer  to  the  Greek  ideal,  at  tbr 

period  when  the  deciduous  teeth  are  iu 
place:  both  the  cerebral  cavity  and  thr 
orbits  are  then  relatively  greater.  The  \n»vry 
of  the  face  are  shorter  vertieuJlv.  thnm^:^ 
the  non-developement  of  the  etbinoiiiai  aod 
maxillary  sinuses ;  the  regular  convexity  oi 
the  forehead  is  not  broken  by  tiie  prt*»- 
Ticnces  of  the  frontal  sinuses.  The  sotiir«^ 
of  the  cranium  are  more  linear,  lees  d('i> 
tated,  and  more  numerous,  thniugh  the 
non-coalescence  of  the  elements  of  the  adult  cranial  bones.  Thr 
angle  is  more  open  between  the  ascending  and  horizontal  ranw 
of  the  mandible :  the  mentum  is  vertical  or  recedes. 

In  the  adult,  fig.  371,  the  vertical  extent  of  the  jawn  is  in- 
creased by  the  growth  of  the  teeth  and  their  sockets,  while  tbr 
whole  face  is  expanded  by  the  developeroent  of  the  maxtllafv 

sinuses  and  olfactoty  caWty. 
thn>ugh  the  full  growth  of 
the  nasal  and  turbinal  hanet 
and  of  the  ethmoidal  sinusek 
The  palatine  arch  has  ex* 
tended  backward,  and  the 
posterior  nares  have  beceoie 
more  vertical.  The  ascend- 
ing mandibular  ramus  fixratf 
almost  a  right  angle  with 
the  horizontal  one  or  *  bcidv  * 

« 

of  the  bone. 

In  extreme  age,  fig.  376,  tbe  teeth  are  lost,  the  alveoli  becume 
absorbed,  and  the  jaws  are  reduced  in  vertical  extent  to  infantifo 
proportions.  The  mandibular  angle  again  becomes  more  opeo : 
but  the  dun  projects  and  is  brought  nearer  to  tbe  nose  when  the 
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month     -liiit.    Some  of  the  ordinary  crauial  Butures  of  the  adult 
becDino  (>l)literale<l. 

The  observed  nniir*' of  ethnic  variety  in  tho  c(Mifi;_Mii  atioii  ot  the 
lliimaTi  skull  and  j)ro|)ortions  of  its  parts  u  much  more  limited 
tVmii  in  (loiiiesticated  l)rceds  of  lower  Mainmaljs!,  e.      the  canine 
races.     There  is  no  osteolofrical  or  dental  diflcrence  of  specific 
value.     Assuminp^  the  skull  of  the  Australian,  fifr^*.  368 — 370,' 
to  He  the  lowest  known  fonn,  the  extent  of"  variation  wmH  be 
exemplified  by  ci>raparing  the  fig^ures  given  with  corresponding 
ones  of  the  European  skull,  ligs.  389 — 391.     Besides  the  in- 
creased capacity  of  cranium  concomitant  with  increased  size  of 
the  intellectual  organ  in  thf»  (xiucateil  Man,  the  orbital  rim  is 
more  shirpiy  defined,  though  thinned  and  less  protuberant;  the 
malars  are  less  prominent ;  the  nasals  moTe  prominent  and  longer : 
the  alveolar  parts  of  both  jaws  are  more  vertical  anteiiorly,  and 
their  entire  extent  is  less,  owing  to  the  relatively  smaller  size 
and  less  complex  implantation  of  the  molar  series  of  teeth ;  the 
ascending  ramus  of  the  mandible  is  deeper,  and  the  angle  less 
everted  or  squared.    The  profile  %iew8,  figs.  369  and  390,  show, 
in  the  Australian,  the  greater  longitudinal  and  less  vertical  ex- 
tent of  the  face,  the  produced  jaws  and  receding  forehead,  the 
deep  depression  between  the  superorbital  ridge  and  the  shorter 
nasals:  the  base  views,  figs.  370 and  391 »  whilst  exhibiting  thb 
same  position  of  condyles  and  great  foramen  in  relation  to  the 
erect  posture,  alike  diflTerentiating  both  extremes  of  Humanity 
from  the  nearest  allied  Ape,  fig.  359,  show  the  vacuities  resulting 
from  the  stronger  zygomatic  arches  and  the  narnnvcr  inter- 
temporal part  of  the  cranium  in  the  Australian.    The  vertical 
longitudinal  section,  fig.  396,  also  shows,  .is  compared  with  fig.  373, 
the  thicker  cranial  walls  of  the  Australian  and  the  absence  of 
frontal  sinuses.    But,  whilst  the  characters  brought  out  by  this 
comparison'  are  pretty  constant  in  the  Australian  race,  they  are 
far  from  being  so  in  the  European :  and  this  difierence  depends 
on  the  comparatively  uniform  low  intelligence  and  sameness  in  the 
mode  of  life  of  the  savage  as  compared  with  the  state  of  civiUzed 
man.  The  cranium  of  the  Australian  may  vary  somewhat  in  the 
degree  of  compression,  of  shelving  of  the  roof  from  the  mid*1ine  of 
the  vertex,  of  the  convexity  of  the  arch  from  before  backward  |  and 
in  the  presence  or  absenoe  of  the  suture  between  alisphenoid  and 
(mrietat:  but  besides  the  narrow  cranium,  with  its  contracted 
and  retreating  forehead  and  the  prognathic  jaws  common  to  the 
Melanian  races,  the  Australian  skull  is  characterized  by  the  thick 
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and  prominent  superorbital  ridge,  which  is  continued 
glabella  and  oyerbangs  the  deep-set,  small,  and  slightly 
nasals:  another  well-marked  characteristic  is  seen  in  the  Ivr- 
prc^rtional  siae  of  the  molars,  premolars  and  caninesy  but  mr 
especially  of  m  i  and  m  >,  and  in  the  almost  constant  distinet:  . 
of  the  two  external  fimgs  of  these  teeth,  in  both  jaws.  In  mmr 
skulls  the  yertez  is  raised,  and  the  ndes  of  the  calTarinm  slope 
away  from  the  sagittal  elevation.  The  sutores  are  leas  dentatK. 
The  malar  bones  are  small,  but  moderately  prominent  and  ruggec 
The  alisphenoid  is  narrow,  and  the  squamosal  is  nnnsnall  j  doBeir 
approximated  to  the  frontal,  if  it  does  not  directly  articulate  thm- 
with.  The  frcmtal  nnuses  are  seldom  developed.'  Between  tk 
extremes  brought  out  by  the  above  comparison  lie  aabfeets  &i 
ethnological  notice  of  cranial  diversity,  seemingly  inexhaiMtibJe, 
of  which  the  following  are  selected  examples. 

In  the  diminutive  Boschisman  race  of  South  Africa,  by  sook 
reckoned  amonj^st  the  lowest  of  the  aborijrines  ut  that  continent 
the  eraniinn,  fi<:si.  377-379,  is  flatter  at  the  vertex  and  rolatirelT 
hroadcr  at  the  j>arietal  jtrotuberances  than  in  the  Australian 
and  the  forehead,  thouf;h  low  and  narrow,  is  more  ])roiniiient.  A 
larger  j)ro|K>rtion  of  the  alisphenoid  joins  the  ])arietal.  The  bonier 
of  the  orbit  is  thick  and  relieved,  but  the  superorbital  rid«r<'  i- 
not  carried  so  strongly  across  the  glabella  as  in  the  Aiistraliaa 
race,  and  the  oiigin  of  the  nasals  is  less  sunk:  the  nasals  are 
nm  rower  and  Hatter  and  the  malar  protuberances  are  more  k- 
gularly  convex  and  jtrominent.  (The  prognathic  chara<*ter  d 
the  jaws  is  atlccted  by  the  absorption  of  the  alveoli  due  to  age,  ii 
the  specimen  figured.)^ 
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The  cranium  of  the  Hottentot*  resembles  that  of  the  Boscliia- 

'  Minor  chnrnctcrs,  such  as  th«  snborbital  deprenioD,  rapraoiiuuloid  ridg%  Ac 
are  cttcU  in  2(,tiv.  pp.  805-830. 
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man,  in  the  contracted  but  almost  vertical  forehead,  continued, 
with  a  very  slight  prominence  of  the  glabella,  to  the  narrow  flat- 
tened nasals,  and  in  general  shape :  the  malar  bones  are  equally 
prominent,  and  the  facial  parts  of  the  maxillaries  are  similarly 
depressed,  but  the  superorbital  ridges  are  less  thickened  and  less 
produced.  The  alisphenoid  joins  the  parietal  on  both  sides  of  the 
head.  The  molars  are  small  or  average-sized.  The  upper  border 
of  the  squamosals  is  on  a  level  with  the  fronto-malar  suture.  The 
superoccipital  region  rises  immediately  from  the  hinder  margin  of 
tlie  foramen  magnum. 

In  a  Negro  from  the  Gold  Coast,  Africa,'  the  cranium  is  large 
at  the  parietal  protuberances,  though  narrow  at  the  forehead. 
The  nasal  hones  are  broad  and  flat,  but  are  continued  from  the 
same  vertical  line  as  the  glabella.  The  alisphenoids  articulate 
largely  with  the  parietals.  The  jaws  are  produced.  The  molars 
are  not  larger  than  in  the  White  races.  The  cranial  walls  are 
thick  in  most  West-Coast  Negroes.  The  uneducated  African, 
like  the  uneducated  European,  has  a  minor  cranial  capacity  than 
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Skull  of  «  lirtH'iilanilrr. 


the  educated  African  or  European,  but  this  becomes  a  race- 
character  only  when,  as  in  the  AustraHans  and  Tasmanians,  all 
are  sunk  in  barbarism,  or  none  risen  above  that  oldest  known 
state  of  man. 

In  the  skull  of  a  Greenlander,  tigs.  380  382,-  the  cranium 
presents  an  elongate  form,  with  the  sides  sloping  from  a  median 
H!i;^Ittal  eminence.  The  parietal  protuberances  are  feebly  de- 
veloped. The  glabella  is  not  very  prominent,  scarcely  produced 
above  the  nwt  of  the  nose :  the  superorbital  ridge  is  thin  and 
well  defined.     Tlie  nasals  are  prominent :  the  upper  jaw  is  pro- 
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ducecl;  but  the  chief  characteristic  of  the  skvill  is  prOMBlidH 
the  larj^e  and  prominent  cheek-hones,  the  lower  border  of  i\ 
tenninates  a  plane  extending  from  the  ect4>rl)ittil  process  ivij. 
ward,  outward,  and  lorward.    The  zypomata  arc  long  and 
The  lower  jaw  is  largje,  with  a  well-marked   chin.     The^e  (Ju. 
racters  are  repeate<l,  with  slight  mmlifications,  in  the  Esquimaai 
but  witlj  varying  proportions  of  length  to  breacltli  in  the  cran^L 
Among  the  Laplanders,  with  similar  eharacters  of  zygornata 
jaws,  and  the  sloping  of  the  calvarium  from  the  sagittal  linear 
cranium  is  short,  averaging  6'UO  inches,  with  a  -breadth  of  5  *• 
inches.     But  the  so-called  *  pyramidal  type,'  iis   cxeinpHfic-il  a 
fig.  380,  and  in  most  races  Inhabiting  high  northern  latitude-,  id-: 
extending  southwani  in  Asia,  is  associated  with   both  lonir  '  i  'i}- 
chocephahc)  and  short  (brachy cephalic)  crania.  131unienb3«i* 
^  Mongolian'  characters  are,  in  the  main,  those  of  Pritohanf; 
'  pyramidal  type/  Where  much  uniformify  of  manner  of  life  a»i^ 
of  degree  of  mentaL  power  prevaik*  9B,  e.g.,  in  the  Lapp  aid  j 
the  Esquimaux,  a  certain  constancy  of  cranial  character  is  im-^ 
ciated  therewith :  where  difference  of  work  and  of  social  grsd  ] 
creeps  in,  then  cranial  characters  become  inconstant.     ThL^  >. 
now,  manifested  instructively  by  extended  companson  of  d.t 

skulls  of  the  wide-apread  Poly- 
nesian peoples.  Pnjgnacftifli 
IS  still  themost  constant  ftstu^  | 
in  them,  concomitant  pnibi^ 
with  late  weaning  of  the  infiat  I 
It  is  a  conspicuoua  chaiseter 
in  the  skull  of  the  nadve  d  \ 
Tahiti,  %  383,*  in  which  Ae  | 
forehead  is  narrow  and  sloping: 
the  parietal  protuberances  sv- 
derately  developed  and  the 
cranium  of  moderate  length  ;  it  is  narrower  and  flatter  at  thendes 
than  in  the  White  races  generally.   The  nasal  hones  are  prominent 
Of  the  varieties  exhiblte«l  by  the  aborigines  of  the  two  Americiii 
continent-,  the  works  ot"  Dr.  Morton'  give  ample  evidence. 

In  the  skull  of  a  Maeusi  Indian,  from  Guiana,  figs.  384,385,' 
the  cranium  is  symmetrically  formed,  narrow  at  the  forehead, 
ex[)an(le(l  at  the  ]>arietal  bosses,  with  the  broad  and  rather  low 
na-'al>  coming  otf  in  a  line  with  the  glabella;  the  upjier  jaw  i< 
pnxliiced,  but  the  zygomata  and  the  mandible  have  Europe^u 
characters. 

*  ZUT.  no.  5366.  *  OlX*.  '  XUY.  ao.  5405. 
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Bkull  of  Manmi  TndUn. 

Tlie  cranium  of  a  Peruvian  of  the  modem  orlnca  race  is  short, 
broad,  and  hijjli,  especially  behind,  owing  to  the  habit  of  carrying 
the  infant  with  the  back  of  the  head  resting  upcm  a  flat  hoard, 
thcjiressure  usually  pro<kicing  a  slight  unsymmetrical  distortion  of 
the  occipital  part  of  the  skull.  The  forehead  is  narrow  and  recetling. 
The  glabella  slightly  prominent.  In  the  older  race  the  cranium 
waft  singularly  and  artificially  distorted  to  the  fonn,  e.g.,  shown 
in  figs.  387  and  388  ; '  in  which,  with  a  sudden  slope  and  slight 


Kn»n« 


Hknll  «f  ail)  triit  Pt-nirlsn.  from  Tlliran, 
with  arttllriklljr  rouatrlrU-U  rmiiluiu. 


convexity  of  the  frontal,  there  is  an  annular  constriction  of  the 
cranium  behind  the  coronal  suture;  the  flattening,  constricticm, 
and  elongation  having  been  pHnluced  by  ligature  at  that  part 
during  infancy.  The  nasal  bones  are  large,  moderately  promi- 
nent, and  continued  forward  from  the  same  sloping  line  with  the 
glabella.  The  jaws  arc  much  produced,  but  the  chin  is  well  de- 
velopeil.  Notwithstan<ling  the  deformity  and  the  low  character 
imparte<l  artificially  to  this  skull,  the  cranial  cavity  is  as  cajmcious 
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as  in  other  American  races :  the  brain  waa  as  large,  but  was  dt^ 
ferentLy  placed.  The  transrme  line  equally  bisecting  the  lower 
surface  of  the  skull  here  crosses  the  middle,  instead  of  the  fore- 
part, of  the  foramen  magnum. 

In  the  Indians  of  the  Columbia  Riyer,  called  *  Flat-heads,^  the 
cranium  is  deformed  by  the  application  of  flattened  boards  to  the 
frontal  and  superoccipital  regions,  occasioning  a  singularly  de- 
pressed ,  broad  or  side-bulgiiig,  8ubelongate  figure.  But  they  re- 
semble most  other  Indians  in  the  large  and  almost  flattened  nasals 
being  continued  forward  in  a  line  with  the  glabella.  The  upper 
jaw  is  produced,  and  the  chin  moderately  prominent. 

The  skull  oi'  the  Patagonian  agrees  in  general  shape  with  that 
of  the  modern  Peruvian ,  the  occiput  presenting  the  same  height, 
breadth,  and  slight  unsv  inmetricAl  Hattening,  hut  it  i.<  distinjiruished 
by  its  superior  size,  obviously  belonging  to  a  larirer  raci'  of  men. 
The  frontal  sinuses  are  well  developed.  Tin-  misal  houv>  art-  nar- 
Tow .  but  prominent.  The  mulai  s  arc  hirge  and  prominent.  The 
vipjH  r  jaw  is  moderately  produced.  In  a  Fuegian  1  fmind  the 
craiiiimi  subelongate,  moderately  expanded  at  the  parietal  IxJiNjes. 
"with  a  naiiow  and  protuberant  superoccipital:  tlie  forehead  imr- 
row  and  .  I'lie  glabella  was  prominent,  and  the  nasals  }»nn- 
duced.  Tlic  malars  were  nuHleiutcly  jtrominent ;  the  jawM  pr.w 
gmithic  ;  the  chin  well  developed.  The  hiL^eof  the  skull  |»re&«.*n£cd 
paroccipital  protuberances,  larjje  stylit'orm  processes  of  the  sphe- 
noid, and  small  hut  distinct  eustarhian  pro<'e>ses  of  the  petr»>*al. 
Traces  of  the  maxiIlo-j)re?iiaxillary  suture  remained  on  the  jial:»t.\ 
The  molar  teeth  were  of  inoili  rate  size,  worn  on  the  inner  border 
in  the  iipj>er  jaw  and  on  the  outer  border  in  the  lower  jaw. 

In  the  Indians  of  the  Pampas  the  head  is  generally  n'tindfl. 
nearly  ellipsoid,  contracted  in  length  and  hut  little  coui|«ros-t^l 
laterally,  with  a  forehead  moderately  prominent  :m  I  fiot  fallirvi: 
back.  In  the  Chiquitos  the  same  character  is  exaggerat«-d  au  l 
the  head  is  nearly  circular,  while  in  tlie  Moxos  it  is  more  oblong: 
this  last  fonn  is  very  nearly  that  of  the  Guarani,  or  ParaguAV 
Indians.  'J  In  heads  of  the  Carihs,  as  well  of  the  Antilles  a;s» 
of  Tena  Firma,  aie  naturall}-  n>unded.  The  skulls  of  the 
individuals  of  the  continental  Carihs  are  ovate,  viewed  from 
aV>ov<' :  the  fcriput  is  not  tlattencd  as  in  tlic  Peruvian  and 
C  alik  rijiaii  Indians,  but  is  moderately  prominent,  rounded  and 
rather  narrou .  The  forehead  is  narrow  and  slopes  with  a  gentle 
curve  directly  from  the  interorbital  space,  which  is  more  pn^ 
minent  than  the  supraciliary  ridges  and  has  no  median  Tertical 
impression.    The  aiisphenoid  presents  a  maigin  of  half  an  inch  in 
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length  to  join  the  parietal  on  butii  slides  of  the  head.  The  cheek- 
hones  and  lower  henh^r  of  the  orbit  are  moderately  prominent  : 
the  nasal  hones  are  runtinued  with  a  very  slight  depression  from 
the  j^lahellar  proinineneo :  the  snjx'rior  maxillary  bones  are  pro- 
duced ;  the  lower  border  of  the  malar  process  of  tlie  maxillary 
bone  is  sliahfly  concave.  The  lower  border  of  the  orliit  is  a  little 
more  concave  than  the  upiier  one:  the  spheno-orbital  fi?;sure  is 
widely  open  anteriorly.  The  cranunn  of  the  Macusi  Indian,  ficr. 
384,  is  more  ohlonfj  and  ellij)soid,  viewe<1  from  above:  tlie  fore- 
head is  broader,  the  parietal  region  narrower,  or  ;it  least  not 
broader,  than  it  is  in  the  shorter  crania  ot"  the  Carib  tribe.  The 
frontal  sinuses  cause  the  superorbital  ridges  to  project  beyond  the 
interorbital  space :  the  malar  bones  are  equally  prominent :  the 
outer  angle  of  the  malar  processes  of  the  maxillary  bones  over* 
hangs  the  concave  line  leading  thence  to  the  alveolar  processes. 
The  general  chamcter  of  the  facial  part  of  the  skull  resembles 
that  of  the  Patagonian  Indian^  but  the  {ffominent  convex  occiput 
and  general  form  of  the  cranium  approach  nearer  to  the  Carib 
fonn.  The  Caribj  Goianian,  and  Columbian  skulls  ail  agree  in 
the  roundness  or  convexity  of  the  occipital  region,  and  differ  in 
this  respect,  as  well  as  their  more  symmetrical  figure,  from  the 
skulls  of  tlie  Peruvians,  Chilians,  and  Patagonians.  All  the 
American  skulls  manifest  the  same  inferiority  in  the  size  of  the 
true  molar  teeth  as  compared  with  the  skulls  of  the  Australians : 
the  incisors,  canines,  and  premoUfS,  or  bicuspides,  are  not  smaller 
than  in  the  Black  races. 

In  the  average  skull  of  the  Chinese  the  cranium  presents  the 
moderate  or  medium  proportions  of  length,  height,  and  breadth. 
The  sagittal  region  is  not  unusually  elevated.  The  plane  of  the 
glabella  is  slightly  affected  by  the  frontal  sinuses,  and  the  large 
and  prominent  nasals  are  continued  therefrom  with  a  very  slight 
depression.  The  malars  are  large  and  slightly  prominent  The 
upper  jaw  is  not  produced.  The  chin  is  wdl  developed.  The 
paruccipital  tubercles  are  well  marked.  The  chief  distinction 
which  such  skull  presents  from  the  average  fonn  of  those  of 
European  races  is  in  the  size  and  prominence  of  the  malar  bones. 

Most  welloformed  skulls  of  educated  Whites  present  the  charac- 
teristics ascribed  hy  Blumenbach  to  his  Caucasian  race.  The 
contour  of  the  cranium,  as  well  as  that  of  the  face,  is  oval :  the 
forehead  is  moderately  vertical,  high,  and  hroad :  the  nasal  bones 
are  prominent  and  well  developed :  the  malars  are  vertical,  and 
the  orbital  boundaries  are  neatly  defined.  The  upper  jaw  is  not 
produced :  the  lower  jaw  has  the  chin  well  marked. 
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The  range  of  variety  is,  however,  considerable.  Fran  a  4 
and  wcll-fillcd  European  graveyard  may  be  selected  spedarj 

of  *  klinoce|ihalic '  (slope-  or  saddle-skull),  *  conocephalic'  (cs^. 
skull),  '  brachycephalic  '  (short-skull;,  *  dolichocephalic ' 
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skull),  'platycephalic'  (flat-skull),  '  leptoocphalio '  (ei^Ma-ekail/, 
and  other  forms  of  cranium  equally  worthy  of  penta-  or  hexa- 
syllabic  Greek  epithets.  There  are  varieties  in  the  degree 
projection  of  tlie  supranasal  and  snperorbital  ridge,  but  never  at- 
taining that  exhibited  as  a  constant  and  specific  character  in  Ae 
Gbrilla>  fig.  395.  There  are  varieties  in  tiie  sntores,  in  the  tine 
and  degree  of  their  obliterationy'  and  in  their  intercalated  'wonrin' 
bones,  &c.  Sec* 

'  BokiUnski  *  appears  first  to  have  cuuceived,  in  relation  to  the  skoU  of  a/wy 
penon  in  which  the  lower  enda,  for  mther  mora  than  an  iadi,  of  the  coronal  ntne 
wcfe  ohlilented,*  d»t  it  waa  the  eanae  of  a  traaovafae  eontcactioa  of  cha  cnaanitf 

that  pnrt. 

What  this  skull  uctuully  allows  is  the  coinridonoe  of  partial  LoriHuence  of  |nirictal<  stwi 
frontalg  with  a  least  transvcriie  diameter  at  the  tciiipural  fusj»«,  a  high  and  miter 
ahoit  cnniaon,  with  «  general  infierior  capacity  of  the  Mb-om.  Bat  the  nMaa  «f 
cause  and  effect  in  this  instance  is  not  reasoned  out  bj  tlie  great  petbologilt  Hm 
ultimate  or  aduh  si/.e  of  the  tercl>ruin  is  due  to  inherent,  or  inherited,  capwcrtrof 
brain-devclupenieut,  with  the  accident  of  such  culture,  or  of  the  absence  thereof,  throogk 
which  that  developemcnt  might  be  iuiiuenced.    The  growth  of  the  brain  gov^ 
t|ie  eapadtj  of  the  eraninm,  and,  in  a  genera]  wnj.  Is  anterior  in  the  order  of  dr 
phenomena  :  it  influences  its  bony  ca.'«e.  moreover,  not  hf  mechaaical  expansion, 
but  by  exciting  the  tnodcllinj:  action  of  the  absorl)ents  in  co-operation  with  she 
arterial  depositors  of  the  bony  matter.    The  coronjU,  sagittal,  and  lamhtlo/'i  ffowrvj 
are,  aa  a  rule,  and  in  the  cranium  in  question,  t4jo  intricately  interwoven  to  adi&iiof 
anj  forcible  drawing  aaaoder.   On  what  facta  it  ia  aMomed  that  the  obUMioitf 


*  CM'.  Bd  iL     148:-*  Dutch  aeitliche  Sjnoatoae  der  Scbeitel-  andScin^MK, 

d.  h.  VcrktMK  horunt:  des  scitlichen  untcren  Thelka  der  Kraoaoaht,  wild cim  fMR 

Verengerung  des  Scliiidds  lu'diupt.' 

*  Figured  in  Lucae,  Tulei  VilL 
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The  progressive  superiority  of  the  cranial  over  the  facial 
(livi^on  of  the  skull  is  best  illustrated  in  the  Mammalian  (lass; 
but,  to  show  the  full  «i:radational  extent  of  diversity,  two  exam- 
ples, in  this  retrospective  summary,  are  borrowed  from  lower 
vertebrate  classes. 

In  the  cold-blooded  Crocodile,  fig.  392,  the  cavity  for  the  brain^ 
in  a  skull  three  feet  hm^,  will 
scarcely  contain  a  man's 
thumb.  Almost  all  the 
skull  is  made  up  ot"  tlu' 
instrunu'iits  fur  gratify in«^ 
an  insatiable  propensity  to 

slay  and  devour ;  it  is  the  material  symbol  of  the  lowest  animal 
passion. 

In  the  Bird,  h^'.  39.],  the 
brain-cjise  has  expande<l 
vertically  un<l  laterally,  but 
is  continetl  to  the  back  part 
of  the  skull.  In  the  small 
siii<:;ing-birds,  with  shorter  beaLs,  the  proportion  of  the  cranial 
cavity  becomes  much  ^^reatcr. 

In  the  Doffy  fi<^.  394,  the  brain-ca8e»  witli  more  capacity,  begins 
to  advance  further  forward. 
In  the  Gorilla,  fig.  395,  the 
capacities  of  the  cranium 
and  face  are  about  equaL 
In  Man,  fig.  396»  the  om- 
nia! area  vastly  snrpaflses 
that  of  the  face. 

A  difference  in  this  re-  ^"*^ 
spect  is  noticeable  between  the  savage  and  civilised  races  of 
mankind ;  but  it  is  immaterial  as  compared  with  the  contrast  in 
this  respect  presented  by  the  lowest  form  of  the  human  head,  fig. 
396,  and  the  highest  of  the  brute  species.  Such  as  it  is,  how- 
ever, the  more  contracted  cranium  is  r-oramonly  arcompamed  by 
more  produced  premaxillarics  and  thicker  walls  of  the  cranial 
cavity,  as  is  exemplified  in  the  negro  or  Papuan  skulL 

iIm  pull  Duned  of  the  ootomI  ratiire  cMiaed  or  eonditkmed  (*  bcdingt  *)  Ihe  tnuu- 
vane  oontractibn  of  the  enobl  ceTity  is  not  stated.   If  the  medieiiieel  idea  prerailed 

that  obliteration  of  a  siifun"  provcnt<  <l  the  prt-viou^Iy  ilistinct  bones  Ih-Iiil,'  polled 
apart,  so  an  to  allow,  ur  (ttiniiiluu-,  (li^propurtiuiiatc  ;:ro\vth  at  the  niiirgiii^  of  the 
■trctcbed  bones,  then  we  should  have  expeeted  that  the  elongation  of  the  cranial  box 
would  heve  bean  prefenled  in  the  direciioii  al  right  englee  to  the  oUiierated  Mtare, 
trododng  contnetioo  itt  the  kMgitttdiiial  ioitesd  of  in  Uie  uuieyene  diceetioo. 


394 
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If  a  line  be  dnwii  froni  the  occipital  condyle  along  the  floor  of 
the  nomiU,  and  be  intersected  br  a  second  touching  the  meet 
y»n;«ninent  part$  of  the  forehead  and  upper  jaw,  the  intercepted 
anele  irive*.  in  a  t:eneral  wray,  the  pn>}iortion8  of  tiie  cranial 
cavity  aiiu  the  grade  o(  intciiigence ;  it  ia  called  the  *  facial 


angle.**  In  the  Dog  this  angle  is  20";  In  the  G»»rilhi  ii  is  40". 
but  the  prf»niinent  superorbital  ri«lire  Mi  CiiAions  some  exaggeration; 
in  the  Australian  it  is  ;  in  the  tHiucated  White  it  averages  95*. 
The  ancient  (ireek  artists  adopteil,  in  their  beau  ideal  of  the  beau* 
tiful  and  intellectual,  an  anule  »»f  100. 

C.  Bo»rs  of  the  Limbs. — The  Human  clavicle,  fig.  IS'^.  s*. 
is  more  slender  in  |»roportion  to  its  length,  and  its  cur\  es  are 
always  better  marke<l  than  in  the  great  Apt»s  :  the  tubercle  for 
the  conoid  ligament  is  usually  more  dcvelope*!.  Th«  peculi- 
arities of  the  Human  scapula,  as  brought  out  by  thi*  same  com- 
parisons, are  its  great  breadth  in  projK>rtion  \o  it-  length,  the 
more  transver.^e  directirui  of  the  spine  and  acn»mii»n,  and  tlie 
disproj>ortionate  extent  of  the  subspinal  as  comparetl  >vitli  the 
supraspinal  tract.  The  upper  angle  is  less  nunuletl:  the  extent 
of  the  upper  border  between  that  angle  and  tln'  >u|»er>capular 
notch  is  relatively  greater,  and  is  more  nearly  strai^rht ;  the  notch 
itself  is  smaller  and  deej)er.  The  smooth  triangular  surface  near 
the  origin  of  the  spine,  uji<»n  which  the  trajrezius  muscle  glides, 
is  rclatiycly  greater.  The  surface  for  the  teres  minor  muscle,  on 
the  outer  side  of  tlic  Ixme.  near  the  lower  border,  is  broader;  x-j 
is  that  for  the  teres  major,  nearer  the  lower  angle.  The  deep 
part  of  the  subscapular  bed,  being  parallel  with  the  attachiuent  oi 

«  For  inwtntioii  cf  ocber  *«Dglet,'  e.g.  the  « pakto-bdal*  m4  *h^UeUC 
nfvmloe  wkj  ke  amde  to  cm*,  ud  cx*.  |».  SI,  pla  a.  xi.  and  aiL 
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the  Bpine  of  the  scapuhi,  is  situated  nearer  the  upper  border 
than  in  the  Gh>rilU  or  Chimpanzee.  The  surface  for  the  upper 
origin  of  the  serratus  magnus  is  relatively  less  than  in  the 
Qc»illa.  The  long  narrow  surface  between  the  obtuse  lower 
boundary  of  the  subscapular  fossa  and  the  lower  border  of  the 
scapula  is  flat,  or  is  less  concave  than  in  either  the  Gorilla  or 
Chimpanzee. 

The  humerus  of  the  male  Australian,  ib.  53,  is  more  slender 
than  that  of  the  average-sized  male  European ;  both  show  the 
inferior  developement  of  the  condyloid  processes  as  coin})arc'(l  with 
tlie  (iurilla;  und  the  same  difference  in  relation  to  nuiscuhir 
aUiu  hraents  is  exemplified  hy  the  lower  tuberosities  at  tlie  upper 
end  of  the  hane.  The  intercondyloid  perforation  is  occasionally 
seen  in  the  niniuin  humerus.  The  ch a rac  t eristics  of  the  Human 
radiuo,  ilh  jiy  aiL  its  prreatcr  relative  shortness  to  the  humerus 
(seldom  noted  in  aiiiliiopotomical  descriptions  of  the  bone);  its 
more  slender  and  less  bent  shaft ;  the  better  deiinition  and  greater 
depth  of  the  grooves  for  the  three  tendons  aeting  on  the  thumb 
at  the  l»a<  k  part  of  the  distal  ex|iansion,  and  the  moK  produced 
styloid  process;  whilst  the  tuberosity  above  it  for  the  allat  hment 
of  the  supinator  longus  is  much  less  devf  l<  |h  <]  ihnn  in  either  the 
(joi  ill  t  01  (^himpanzee.  The  chief  distin«  iiuns  pr( nted,  in  the 
same  11  un  jiai  ison,  by  the  uhia,  ib.  sfj,  are  its  miiiui  IriiLcili  com- 
j»ared  willi  the  iinmerns  ;  its  greater  relative  slt-nderness ;  the  less 
j)rojK>rtional  expansion  nf  tlie  pro\im;il  end;  the  somewhat  minor 
prodnetion  of  the  eoronoid  j)roeess  ;  and  the  greater  straightuebs 
of  the  shaft,  especially  on  the  side  view. 

In  the  (lorilia  tlie  iiand  is  nn  instrument  of  great  power  of 
gra^p.  capable  of  easily  sustain iiii:  the  weight  of  the  body  sus- 
pen<ied  by  tlie  fingers:  ihr  N  hlmIi  and  strength  of  tlie  whole 
[lectoral  lind)  accord  with  ttir  im  <  iKinical  adjustments  of  tlie 
hand  as  a  hook,  and  as  u  crutch  in  nH>\ing  along  the  ground. 
In  Man  the  tranu'work  of  the  hand,  ib.  5G,  57,  bespeaks  an 
organ  of  varied  and  delicate  prehension  ;  and  the  fonn  and  pro- 
portions of  the  whole  upper  limb  relate  to  the  free  motions  and 
complex  functions  of  the  instrument.  In  Man  the  length  of  the 
three  bones  of  the  thinnb,  nearly  equals  one  third  the  length 
of  the  humeruH  :  in  the  (fnrilla  it  is  little  more  than  a  fifth  of  that 
length.  The  metacarpal  of  the  index  digit  in  the  Gorilla  is  twice 
the  length  of  that  of  the  p)11ex :  in  Man  it  is  little  more  than 
one  fourth  larger.  The  shafts  of  the  proximal  and  middle  pha- 
langes of  the  fingers  arc  less  expanded  than  in  the  Gorilla ;  their 
distal  ends  are  broader  than  the  shaft  instead  of  beiug  narrower : 
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the  terminal  portious  of  the  ungual  phalanges  are  longer,  broader, 
and  flatter  than  in  the  Gorilla,  considerably  so  in  relation  to  the 
size  of  the  whole  hand,'  having  reference  to  sastaining  the  dere- 
loped  surface  for  a  refined  sense  of  touch. 

The  ilium,  fig.  367,  A,  62,  ischium,  ib.  e4,  and  pubis.  il>.  <>3. 
coalescing,  the  two  latter  at  the  sixth  year,  and  both  with  the 
ilium  at  about  the  twenty-fifth  year,  haTc  been  described,  aeeurd* 
ing  to  the  usage  of  anthro)M>toniy  in  such  instances,  a  single 
bone>  under  the  designation  of  '  os  innonunatum.*  Th<'  Htimaa 
characteristics  are  strongly  marked  in  this  part  of  the  skeleton.' 
The  ilium  is  broader  than  it  is  long,  and  is  more  concave  ante- 
riorly, fig.  398,  4,  than  in  the  Grorilla ;  it  is  also  more  conca^-e 
posteriorly,  fig,  397,  especially  in  the  vertical  direction,  in  which 
it  b  slightly  convex  in  the  Chimpanzee.  The  sacro-iliac  sympbysi*. 
fig.  398,  s,  3,  H,  b,  is  subquadrate,  instead  of  bdng  long  and  narrow 
as  in  the  Chimpanzee.  The  '  crests*  a,  ft,  e,  is  much  thicker  and 
much  more  curved ;  and  both  angles  or  *  spines,*  but  especiallT 
the  posterior  one,  6,  are  more  produced.  These  modifications* 
and  especially  the  developement  of  the  ^external  labnan,*  fig. 
397,  relate  chiefly  to  the  needful  increased  sorface  of  attachment 
for  the  large  muscles  whidi  sustain  the  trunk  upright  upon  the 
hinder,  now  become  the  lower,  limbs.  The  anterior  border  of  the 
innominatum,  figs.  397,  398,  a,  e,f,  especially  that  part  fonaed  by 
the  ilium,  a,  tt,  d,  is  much  shorter  and  thicker,  and  the  '  anterior 
inferior  spine/  d,  is  better  developed.  The  acetabulum*  fij^.  397, 
4,  is  turned  more  toward  the  back  of  the  os  innominatum.  The 
great  ischiatic  notch,  m,  ia  shorter,  but  much  deeper ;  the  ^mie  of 
the  ischium,  /,  is  more  produced ;  the  lesser  ischiatic  notc^  is 
deeper,  more  concave,  but  of  the  same  length.  The  tuberosity  of 
the  ischium,  t,  is  convex,  and  is  continued  uyon  t}ie  outer  part  of 
the  bone  to  near  the  acetabulum ;  in  the  Gorilla  and  dumpanaee 
it  is  more  flattened,  is  carried  further  down  from  the  aoetabohmi, 
and  its  outer  margin  is  produced  or  everted.  The  pubi»,  q,  f«  is 
shorterand  much  thicker  than  in  the  Chimpanzee.  The  symphysisl 
boundary  of  the  obturator  foramen,  o,  is  much  narrower  sod  less 
curved.  The  oblique  groove,  /,  beneath  the  pubic  boundary  ef 
the  foramen  in  Man  is  not  present  in  either  the  Chimi>aiiaee  or 
Orang-utan.  The  cotyloid  notch,  5,  is  broader^  and  the  sym^ 
physis  pubis,  tig.  398,  is  much  shorter  than  in  the  AntbitjfMsd 
apes. 

The  backward  developement  of  the  ilium,     m,  for  tin*  ectt^ 
gluteus,  and  the  ant.  inf.»ffpine,  rf,  for  the  rectus  femoris.  relate  to 
'  cur.  vol  v.  pi.  10.  •  lb.  voL  V.  pL  6. 
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the  important  share  taken  by  both  muscles  in  maintaining  the 
erect  position.  39^ 

With  the  onter  surface 
of  the  ilium  turned  to  the 
observer,  as  in  fig.  397,  is 
seen  the  same  surface  of 
both  ischium  and  pubis, 
together  with  the  aceta- 
buhmi;  but,  in  the  Gorilla, 
the  twist  of  the  innomina- 
tum  is  such  as  to  present 
only  the  outer  margin  of 
the  ischium,  with  a  side 
view  of  the  acetabulum  ; 
and,  in  the  Chimpanzee, 
the  greater  twist  brings 
the  inner  surface  of  the 
pubis  into  view  and  almost 
excludes  the  acetabulum. 

The  sacro-iliac  surface 
is  divided  into  a  *  syndes- 
motic,'  fig.  398,  l,  7,  and 
a  *  synchondrosal,'  ib.  iiy  2,  part :  the  latter  is  more  especially  termed 
the  '  articular,'  and  some- 
times, fnHU  its  shape,  the 
*  auricular  '  part ;  it  is 
united  bv  '  fibro-cartila<re  ' 
to  the  first  and  second, 
and  a  small  part  of  the 
third,  sacral  vertebra?.  The 
concavity,  4,  is  the  *  inter- 
nal iliac  fossa.*  The  ri<lge, 
ft,  transmits,  like  a  but- 
tress, the  weight  sustained 
by  the  articular  surface,  2, 
to  the  back  wall  of  the 
acetabulum  :  the  ridge,  6, 
thence  continued  to  the 
spine  of  the  pubis,  /*,  is 
termed  *  ilio-pectincal.' 

The  human  pel  vis,  formed 
by  the  sacrum,  coccyx,  and 

OSSa      innominata,      oftcrS  ,„t«m.l  Ticw  ol  .He  o.  lnnon.ln.tan, 


KxtPmal  Tlcw  of  the  Innominate  Tmiuo. 
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characters  of  sex  and  race.  The  male  ]>elvis  is  sh<)\Mi  iu  tijr.  1^3. 
62,  63,  64  :  the  female  ])elvis  in  fig.  399.  Jn  tlie  latter  the  sacrum 
is  relatively  Avider,  and,  anteriorly,  it  is  less  concave  transversely 
above,  «,  more  concave  vertically  below,  h.  The  ilia  are  hroaJtr 
and  shorter,  with  more  capacious  fossa* :  the  *  obturator  foramen 'i* 
triangular;  the  ischial  tuberosities  are  wider  a]>art,  and  the  >rn)- 

physis  pubis  less  deej).  Au- 
thropotomists  call  tlu  j»3ri 
which  is  above  the  linta  ilio- 
pectinea,  o,  /,  and  prumow- 
tory  of  the  sacrum.  <i.  the 
*  false  pelvis ;'  that  heneath. 
the  *  true  pelvis/  Of  lius 
the  *  brim/  or  *  superior  cir- 
cumference' by  incK)?« 
the  'inlet';  the  'inferior 
circumference/  bounded  hj 
the  ischial  tuberosities,  pu- 
bic BjmfhjOB,  and  tip 
the   ooocy^z,   incloses  tbe 

*  outlet '  of  the  *  true  pelvis.'  The  diameter  from  the  sacral  pro- 
montory, a,  to  the  puHcsymphysiSy  A,  is  called  the  *  conjugtt*"  or 

*  antero-posterior '  one;  that  between  the  ilia  taken  at  e,f,  or 
half  way  between  the  sacro-iliac  joint  and  the  pectineal  emineoce, 
is  the  '  transverse '  diameter ;  the  *  oblique '  diameter  is  bctK  eco 
the  point  of  the  brim  nearest  the  pectineal  eminence,  e,  and  the 
sacro-iliac  joint  of  the  opposite  side,  d.  Of  the  pelvic  outlet  two 
diameters  are  noted — the  '  antero-posterior '  from  the  tip  of  ^ 
coccyx  to  the  lower  part  of  the  pubic  symphysis,  and  the  *  traitf- 
verse '  taken  between  posterior  parts  of  the  ischial  tubero«ties- 
The  following  may  be  regarded  as  the  nonnal  extent  of  tke 
above  diameters  in  the  two  sexes : — 


*  BRIM.* 

lo. 

UAI.R. 

Line*. 

FEMALK. 
ta.  UM 

• 

• 

4 

6 

ft  1 

Oblique 

• 

« 

4 

6 

5  0 

Antcro-potiterior . 

« 

• 

4 

0 

4  ft 

•  outlkt/ 

Transvrrsc  ,  , 

* 

■ 

a 

9 

4  9 

Antero-poi^terior  . 

• 

• 

s 

4 

4  t 

In  Man  alone  are  the  boundaries  of  the  superior  outlet  ^ 
plane :  the  section  through  the  ilium,  in  fig.  400,  shows  thii  tt>  be 
due  to  the  direction  of  the  body  of  the  pul^,  which  is  on  the  fti^ 
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plane  inth  that  of  the  cotyloHNUsral  tract  of  the  ilium.  In  this 
MC^on^  a  a'  is  the  line  of  fulcrum  fidHng  in  the  transverse  vertical 
plane  of  the  trunk ;  c  c'  is  the  line  of  weight  passing  through  the 
ceutire  of  the  sacro-iliac  joint;  A  i'  is  the  line  of  power ^  or  pubic 
projection,  fjiving  attuohinent  to  the  extensor  muscles  of  the  thigh  ; 
d  cC'  is  the  line  of  sacral  projection ;  e  /  gives  the  *  cotylo-«acral 

'  400  401 

I 


pelTla.  0T-.  AmIm  of  lavUtuUloo  and  axn:  Female  p«Ml^  Of* 


curve;'  a'  b'  is  the  pubic  arm  of  the  lever;  a'  c'  ia  the  cotylo- 
Bicnd  arm ;  a' d*  giTes  the  length  of  the  gluteal  arm ;  e*  d*  that 
of  the  posterior  spimd  arm.  Li  the  diagram,  fig.  401,  the  Imea 
a  «,  «e»  mark  the  angle  of  indinatum  of  the  pelvis,  or  the  * pelvi* 
vertebral  aiigle  \^  fg  d  gives  the  inferior  angle  of  inclination  of 
the  pelvis,  whidi  is  about  10^  with  the  horizon,  y  d.  The  two 
hues  of  the  superior  and  inferior  planes,  when  prolonged  ante- 
riorly, cut  each  other  at  and  include  an  angle  of  about 
%  e/.  The  *  saero-vertebral  angle '  is  shown  at  a  e  i,  which  is 
about  117' in  the  male  and  130*  in  the  female.   The  angle  a  6  A, 
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taken  through  the  long  diameter  of  the  paHc  symphjsif ,  ii  i^ 
complementary  anp^le  of  the  sacro-'Vertebral  one  in  the  fSemilk^ 

o\viii«r  to  the  general  parallelism  of  the  puhic  with  die  nen 
wall  of  the  *  true  pelviiS.'  Tlie  *  axis  of  the  brim  '  is  the  line  / » 
drawn  from  the  centre  oi  the  suj^erior  ]>lane  at  right  angir-. 
thereto.  The  *  axis  uf  the  inferior  outlet,'  n  />,  is  drawn  s.7 
right  angles  to  the  centre  of  the  int  rior  plane.  The  axis  of^ 
pelvic  cavity,  /  o  r  is  an  irregular  paiabolic  curve,  passing frme 
the  fixed  axis  of  tlie  brim  and  in<)\(  able  forward,  through  tL^ 
flexibility  of  the  coccyx  at  its  iufei  i«)r  extremity,  ^\  ith  the  m^rre- 
able  axis  of  the  inferior  outlet,  with  which  it  coinci«l(  -  ]  »»  low.' 

The  observed  range  of  variety  in  the  Human  peUi^  i-*^  re^tricu^; 
to  some  plitrht  differenee  in  tlie  breadth  and  curve  of  the  sacrooi^ 
in  the  contour  of  the  iliac  crest  (lig.  397,  a,  r,  iu  the  iiiterspar* 
between  the  ant. -superior,  «,  and  ant.-inierior,  gpines,*  and  12 
pmportions  that  modify  the  shape  of  the  upper  aperture  of  tie 

*  true  j)plvi*^,' whereby  it  might  be  ayiproximately  defiiietl      ''ovs!  " 

*  oblong,'  M  tnnid.'or  even  apj)roaehing  to  *  quadrate'  Accom- 
ing  to  my  experience,  these  are  not  characteristic  of  race,  nor 
uniformly  concomitant  with  cranial  varieties,  as,  e.  g.  the  '  round ' 
pelvis  with  the  *  hrachycephalic,*  the  *  oblong  *  with  the  *  dolicbo- 
cejihalic,'  or  the  *  square  *  with  the  '  pyramidal '  form  of  akolL' 
Vrolik^  has  noted  a  more  vertical  direction  of  the  ilit^  and  tlie 
proximity  of  the  highest  part  of  the  crest  to  the  posterior  superior 
Bpine»  in  the  pelvis  of  a  Negro :  I  have  noted  the  smaller  and  nar> 
rower  iliac  bones  of  an  Australian  female  as  compared  widi  id 
European  ;  ^  but  the  size  accorded  with  a  general  dwarfiahnesB  of 
stature,  and  the  difference  of  proporti<m  was  too  slight  to  affect 
the  characteristic  hmnan  configuration  of  the  hone.    Save  in 
regard  to  Europeans,  the  requisite  numher  of  observations  of  the 
pelvis  in  the  same  races  or  tribes  of  mankind  isjetadesideratimi. 

In  the  typical  Mammalian  foot  the  digits  decrease  from  the 
middle  to  the  two  extremes  of  the  series  of  five  toes ;  and  in  the 
modifications  of  this  type,  as  traced  through  the  gradations  (p.  306, 
fig.  193),  the  innenuost,  t,  is  the  first  to  dasap[)ear.   In  Man  it  is 
the  seat  of  excessive  developement,  and  receives  the  name  of  <  lial- 
lux,*  or  *  great  toe it  retains,  however,  its  cfaaracteristio  inferior 
number  of  phalanges.    The  tendons  of  a  powerftd  muscle,  which 
in  the  Orangs  and  Chimpanaees  are  inserted  into  the  three  middle 
toes,  are  blended  in  Man  into  one,  and  this  is  inserted  into  the 
hallux,  upon  which  the  force  of  the  muscle  now  called  '  fleior 
lougus  hallucis  *  is  exclusively  concentrated. 
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The  arrangement  of  other  muscles,  in  stihoniinatiuii  to  the 
peculiar  developement  of  this  toe,  makes  it  tlio  chief  fulcrum  wlu  u 
the  weight  of  the  bcnly  is  raised  by  the  power  acting  upou  the 
heel,  the  whole  foot  of  Man  exemplil  \  In<r  the  lever  of  the  second 
kind.  The  .strength  and  l)ackward  ittdduetion  of  the  heel-bone 
relate  to  the  aiiirmcntatimi  of  the  jiower.  The  tarsal  and  meta- 
tar>al  l)one.s  arc  <  (UMljii^ti d  so  as  to  form  arches  both  lengthwise 
and  across,  and  recei\v'  the  superincumbent  weight  from  the  tibia 
on  the  isunmiit  of  a  bntiy  \  ault,  which  has  the  advantage  (»f  a  cer- 
tain elasticity  comi»ine(i  with  ade(juate  strength.  In  ])n»}M(rtion  to 
the  trunk,  the  pelvic  limbs,  fig.  1h:5,  65-68,  are  longer  than  in  any 
other  animal;  they  even  exreod  those  of  tin  Kangaroo,  fig.  211, 
and  are  peculiar  for  the  sujieriMi  1( ngih  of  tlie  temur,  fig.  183,  65, 
and  for  the  capacity  of  this  bone  to  be  brought,  when  the  leg  is 
extended,  into  the  same  line  with  the  tibia,  ib.  es.  The  inner 
condyle  of  the  femur  is  longer  than  the  outer  one,  so  that  the  shaft 
inclines  a  little  l  ut^mrfl  to  its  u]»per  end,  and  joins  a  neck  longer 
than  in  other  animaU,  an<l  set  on  at  a  very  open  angle.  The 
weight  of  the  body,  received  by  the  round  hcadts  of  the  thigh- 
bones, is  thus  transferrrd  to  a  broader  base,  and  its  support  in  the 
upright  posture  facilitated.  The  pelvis  is  modified  so  as  to  receive 
and  sustain  better  the  abdominal  vi-iccni,  an<l  t<»  give  increased 
attachment  to  the  muscles,  especially  the  '  glutei,'  which,  com- 
paratively small  in  other  Mannnals,  are  in  Man  vastly  developed, 
to  balance  the  trunk  upon  the  legs,  and  reciprocally  to  move  these 
Upon  the  trunk.  In  comparison  with  that  of  the  Apes  the  Hu- 
man femur  is  distinguished  by  its  greater  length,  both  absolute 
and  relative  to  the  trunk,  by  the  more  angular  and  less  cylindrical 
shape  of  the  shaft ;  by  it»  forward  bend,  and  the  buttress-like  deve- 
lopement of  the  *  linea  aspera ; '  by  the  greater  proportional  expanse 
of  the  distal  end,  especially  at  and  above  the  inner  condyle,  and 
by  the  greater  backward  production  of  both  condyles,  especially  of 
the  inner  one.  Only  in  the  Chimpanzee  and  Gorilla  is  the  *  cer- 
vix femoris  *  relatively  as  long  aa  in  Man  ;  but  it  stands  out  at  a 
different  angle,  and  the  femora  are  parallel,  fig.  340,  65,  not  con- 
Terging  to  the  knee-jointg,  through  the  double  obliquity  of  *  neck  * 
and  *  ahaft '  which  characterises  the  human  femur,  fig.  183  ,  65.  The 
great  trochanter  does  not  rise  so  high  as  the  head  of  the  bone  in 
Man  :  the  small  trochanter  is  more  ])rominent  and  circumscribed. 
The  tenninal  expansion  of  the  shaft  is  chiefly  toward  the  inner  or 
tibial  side.  The  migor  part  of  the  rotular  surface  is  on  the  outer 
condyle. 

After  the  femur,  the  tibia,     is  the  longest  bone  of  the  akelelon 
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in  Man:  in  the  Gorilla  it  Is  the  shorteet  of  all  ihe  long  bonei  of 
IhelimbB:  the  Human  tibu  also  differs  from  that  of  the  Gocil^ 
the  nunre  equable  diameter  of  the  shaft  and  more  parallel  contoar 
of  the  onter  and  inner  stdes>  mth  a  considerable  tednotion  of  the 
interosseous  space  between  it  and  the  fibula.  The  crest  descends 
in  Man  near  the  middle  of  the  anterior  suiftee  of  the  shaft,  with 
a  slightly  sigmoid  or  wavy  course.  The  lower  articalar  aoz&oe 
is  ui^rmlj  concave  from  before  backward*  and  is  crnitinwad  at 
a  less  open  angle  and  to  a  greater  extent  upon  the  artioolar  anr- 
face  of  the  inner  malleolus*  the  articulation  with  the  asliagalua 
being  deeper  and  firmer  than  in  the  Gorilla  and  other  wtpeBm  The 
outer  or  fibular  malleolua  descends  In  Man  lower  and  anote  vts^ 
cailj  than  the  inner  malleolns>  interposing  a  greater  obstacle  to 
latmlinfiecticfisof  thefootup(tt  the  leg  tlum  Tlie 
foot  is  shorter  in  proportion  to  the  leg,  in  Man*  than  in  any  Qpa* 
drumane*  and  Is  so  articulated  that  the  sole  Is  directed  downwaid ; 
the  tarsus  is  longer  and  narrower.  The  entocuneifcmn  preeciils  a 
flat,  renifoim  smface,  anteriorly,  to  the  base  of  the  baUu3c«  T%t 
four  outer  toes  are  very  slender  compared  with  the  innermost ; 
and  their  proximal  and  middle  phalanges  are  very  feeble  compared 
with  those  of  the  Gorilla :  all  the  five  toes  have  the  same  direction, 
forward.* 

The  osseous  texture  of  the  Human  bones  is  remarkable  for  iu 
delicacy  and  finish  ;  it  ls  exemplified  in  fig.  402  by  lonptudiuiu 
sections  of  parts  oi  the  tliree  chief  bones  of  the  pehic  limb.  In 
the  section  of  the  upper  end  of  the  femur,  a,  the  outer^  cx^rapaci 
tissue,  </,  is  extremely  thin  u]X)n  the  liead  of  the  bone,  begins  tt^ 
gain  thickness  at  its  under  part,  and  at  the  correspoTidin«r  part  «il 
the  great  trochanter,  and  increases  until  it  forms  the  wall  of  the 
medullary  cavity.  In  the  cancellous  or  reticular  tissue  forming 
the  substance  of  the  head  and  neck,  a  tendency  to  a  radiating  di^ 
position,  diverging  from  the  under  part  of  the  neck,  and  fav. .ar- 
able to  strength,  may  be  discerned  in  the  i)rincipal  laminae.  In 
the  head  of  the  tibia,  b,  the  compact  tissue  is  also  vcrv  thin, 
where  it  encloses  the  reticular  structure  occupyinpr  the  |)mximal 
end,  and  becomes  thicker  as  that  structurp  is  absorlx  d.  In  1  •  vh 
the  tibin  nivl  tibula  is  shown  the  line  indicative  of  the  urii  n  -r 
the  upper  '  epiphysis'  'with  the  '  -haft :  '  and  in  the  femur  there 
is  a  niniilar  indication  of  the  epiphysial  condition  of  the  great 
trochanter. 

The  more  constant  sesamoid  bones  of  the  Human  skeleton, 

*  For  tbc  (lotails  or  a  oomruiKHi  of  Uw  limtKboDOi  of  Man  wilb  thOM  of  ibt  Afm, 
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which  have  an  articular  facet  playing  upon  a  joint,  are  the 
'  patella/  fig.  183,  ee',  the  pair  beneath  the  mctatarso-phalangial 
joint  of  the  great  toe,  and  the  pair  at  the  corresponding  part  of 
the  thumb.  Of  those  playing  on  surfaces  of  bone,  there  is  one  in 
the  tendon  of  the  peroncus  longiis  which  glides  on  the  groove  of 


402 


SrrtloM  of  A  femur,  B  tlbi«,  and  fibula. 


the  cuboid ;  one  in  the  tendon  of  the  tibialis  anticus  opposite  the 
smooth  facet  on  the  entocuneiform  ;  one  in  the  tendon  of  the 
tibialis  posticus  opjwsite  the  inner  side  of  the  astragalus;  and 
one  (fabella)  in  the  outer  head  of  the  gastrocnemius  behind  the 
outer  condyle  of  the  femur.  The  os  penis,  common  in  Quadru' 
mana,  is  never  developed  in  Man. 

D.  Relations  to  Archetype. — Finally,  in  regard  to  the  skelet/>n 
of  Bimmiay  there  remain  a  few  observations  on  its  relations  t^  the 
general  vertebrate  archetype  (vol.  i.  fig.  21),  from  which  it  de- 
parts so  widely. 

The  skull  shows  the  following  extreme  modifications.  In  the 
occipital  segment  the  haemal  arch  is  detached  and  displaced,  as  in 
all  Vertebrates  alx^ve  fish;  its  pleura|x)physis  (scapula,  fig.  403, 
51 )  has  exchanged  the  long  and  slender  for  the  bmad  and  flat 
form ;  the  ha»mapophy8is  (coracoid,  52)  is  nidimental,  and  coalesces 
with  .M  :  the  diverging  appendage,  53-57,  of  this  arch  becomes  the 
*  pectoral  limb.*    The  neura|>ophyse8  (exoccipitals,  «)  coalesce  with 
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the  neural  spine  (siiperoccipital,  3),  and  next  witli  the  centrum 
(basioccipital).  This  afterwards  coalesces  with  the  centruoa  (bae'i- 
sphenoid,  5,  c)  of  the  parietal  segment.  With  this  centrum  also  the 

403 


Vertebral  tc^ontB  ^hotrn  in  tbc  niunan  fcpUil  ftkcleton.  cxu 


neurapophyses,  called  *  alisphenoids/  w,  the  centrum  of  the  frontal 
vertebra,  called  *  presphenoid,*  and  its  neurapojihyses  (orbito- 
sphenoids,  10),  become  anchylosed.  The  neural  spine  (parietal,:) 
retains  its  primitive  distinctness,  but  is  enormously  expanded,  and 
is  bifid,  in  relation  to  the  vast  size  of  the  brain  in  Man.  The 
parapophysis  (mastoid,  fig.  404,  c)  becomes  confluent  %vith  the 
otic  capsule  (petrosal),  the  tympanic,  d,  squamosal,  a,  and  with 
the  pleurapophysis,  called  *  stylo-hyal,'  fig.  403,  38,  of  the  hsemal 
(hyoidian)  arch.  The  haemapophysis  is  ligamentous,  save  at  its 
junction  with  the  haemal  spine  when  it  fonns  the  ossicle  called 
*  lesser  comu  of  the  hyoid  bone,'  ib.  40,  the  spine  itself  being  the 
basi-hyal,  41.  The  whole  of  this  inverted  arch  is  much  rednced 
in  size,  its  functions  being  limited  to  those  of  the  tongue  and 
larynx,  in  regard  to  taste,  speech,  and  deglutition.  The  neur- 
apophyses (orbitosphenoids,  10)  becoming  confluent  vrith  the  cen- 
trum (presphenoid,  9)  of  the  frontal  vertebra,  and  the  latter 
coalescing  with  that  of  the  parietal  vertebra,  the  compound  bone 
called  *  sphenoid  *  in  Anthropotomy  results,  which  combines  the 
centrums  and  neurapophyses  of  two  cranial  vertebnc,  together 
with  a  diverging  appendage  (pterygoid)  of  the  maxillary  arch. 

The  knowledge  of  the  essential  nature  or  *  general  homology  * 
of  such  a  compound  bone  gives  a  clue  to  the  j)henomena  of  itj 
developement  from  so  many  separate  points,  which  neither  em- 
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bryology  nor  teleology  could  have  afforded.  As  ibe  centram, 
becomes  confluent  with  i,  a  still  more  oonnplex  whole  results, 
which  has  accordingly  been  described  ae  a  single  bone»  under  the 
name  of  '  os  spheno-oocipitale  *  in  some  anthropotomies.  Snch  a 
bone  has  not  fewer  than  twelve 
distinct  centres  of  ossification, 
corresponding  with  as  many  dis- 
tinct bones  in  the  cold-blooded 
animals  that  depart  less  from  the 
Tcrtebrate  archetype.  The  spme 
of  the  frontal  vertebra  (frontal 
bone)  is  much  expanded  and 
bifid,  fig.  405,  <f»  df  like  the 
parietal  bone;  but  the  two 
halyes  more  frequently  coalesce 
into  a  single  bone,  with  which 
the  parapophysis  (postfrontaU  b) 
is  connate.  Much  of  the  haemal  arch  is  consumed  by  the  rapidly* 
growing  'ossicles  of  the  ear,*  and  the  proper  pleurapophysis  (tym- 
panic bone,  fig.  404,  d)  is  reduced  to  the  function  of  supporting 
the  ear-drum,  b ;  and  becomes  anchylosed  to  the  squamosal,  a,  and 
mastoid,  e.  The  hnnapopbysis,  fig.  403,  S9,  hs,  is  modified  to  form 
the  dentigerous  lower  jaw,  but  articulates,  as  in  other  Mammals, 
with  a  diverging  appendage  (squamosal,  97),  of  the  antecedent 
h»mal  arch,  now  interposed  between  it  and  its  proper  pleura 
apophyHia;  the  two  hsnnapophyses,  originally  separate,  as  in  fig. 
405,  become  confluent  at  their  distel  ends,  forming  the  sym- 
physis mandibulsB. 

The  centrum  of  the  first  or  nasal  vertebra,  like  that  of  the  last 
vertebra  in  Birds,  is  shaped  like  a  ploughshare,  and  is  called 
<  vomer,'  fig.  403,  is;  the  neurapophyses  have  been  subject  to 
nmilar  eompranion,  and  are  reduced  to  a  pair  of  vertical  plates, 
which  coalesce  together,  ib.  14,  and  with  parta  of  the  olfactory 
capsules  (upper  and  middle  turbinals),  fonning  tiie  compound 
bone  called  <  ethmoid.'  The  prefrontals  assume  this  confluence 
and  concealed  position  even  in  some  fidies— J^t^»ftfii«,  c.  g. — and 
repeat  the  character  in  all  Mammalia  and  in  most  Birds ;  but 
they  become  partially  exposed  in  the  Ostridi  and  Batrachla. 
The  ppine  of  the  nasal  vertebra  (nasal  bones,  ib.  is)  is  usually 
bifid,  like  those  of  the  two  succeeding  segments;  but  it  is  much 
less  expanded.  The  h;pnial  arch,  called  'maxillary,'  is  formed  by 
the  pleurapophyses  (palatines,  20)  and  by  the  hajmapophysea 
(maxillarie}<,  21),  with  which  the  halves  of  the  bifid  hfemal  spine 
(premaxillariefl,  S2)  are  partly  connate,  and  become  completely 
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oonflaeni.  Eadi  iiioiety»  or  prftmaxiHaTy,  u  rednoed  to  the 
lequirpd  for  the  lodgment  of  two  vertical  incisori.  As  tlie  cam 
in  Man  do  not  exceed  the  adjcnning  teetli  in  length,  and  the  pre- 
molara  are  rednced  to  two  in  ninnber,  the  alyeohir  extent  of  the 
maxillary  is  short*  and  the  whole  upper  jaw  is  very  slightly 
prominent^ 

Of  Ihe  diyerging  appendages  of  the  maxillary  arch,  the 
constant  one,  called  *  pterygoid/  24,  articulates  with  the  palat  ine, 
but  coalesces  with  the  sphenoid;  the  second  pair,  formed  by  the 
malar,  26,  and  squamosal,  S7,  has  been  subject  to  a  greater  degree  <>f 
lification :  this  appendage  still  performs  the  function  assign p< I  xo 
it  in  Lizards  and  Birds,  where  it  has  it.s  tvj>i(  :d. 
ray-like  figure,  of  connecting  the  maxillary  with 
the  tympanic,  or  one  rib  with  tiic  next  ;  but  the 
second  division  of  the  aj)j)endage  (»quam<^lX 
which  began  to  expand  in  the  lower  Mamnjaiia, 
and  to  strengthen,  witliout  actually  forming  part 
of,  the  walls  of  the  brain-case,  as  in  fig.  140,  27, 
now  attains  its  maximum  of  devclupenient,  and 
forms  an  integral  constituent  of  the  cranial  pari- 
etes,  filling  up  a  very  large  cavity  between  the 
neural  arches  of  the  occipital  and  parietal  -^i  ir- 
nients.    It  coalesces,  moreover,  with  the  tymjianic,  mastoid,  an*! 
petrosal,  and  forms,  with  the  subsequently  anchylosed  stvUvhvaJ,  a 
compound  bone  called '  temporal '  in  human  anatomy.  Embryology 
shows,  empirically,  the  fact^  of  developement :  the  kev  to  the 
complex  beginning  of  this  *  cranial  bone'  is  given  by  the  di^ 
covery  of  the  general  pattern  on  which  the  skulls  of  the  verte- 
brate animals  have  been  constructed.    In  relation  to  that  pattern, 
or  to  the  archetype  vertebrate  skeleton,  the  Human  to!nj>oral  bmo 
includes  two  pleurapophyses,  38  and  28,  a  imrapophysia,  s,  putot 
a  diverging  appendage,  27,  and  a  sense-capsule,  I6. 

In  the  Human  embryo  the  cartilaginous  follows  the  fibrous  stage 
of  the  brain-case  in  all  the  neurapophyses,  yiz. :  exoccipitals,  aii* 
sphenoids,  orbitosphenoids,  prefrontals.  The  latter  already  show 
their  lateral  confluence,  closing  the  cranium  anterior  to  the  multi- 
perforate  part  for  the  divisions  of  the  olfactory  nerve,  called  *  cribii- 
form  plate  of  the  ethmoid,'  and  forming  the  '  crista  gaUi '  aboTe» 
and  the  *  lamina  perpendicularis  '  below,  that  pkte  ;  in  conneetMM 
with  which  are  the  *  turbinal  '  capsules,  or  supporters  of  the  *  senfe- 
organ,'  which  arc  also  cartilaginous.  The  chondrified  bases  of 
the  alis^henoids  descend  into  the  basisi)heuoid.  The  cxoccipital 
cartilage  ascends  into  the  lower  half  of  the  supcroccipital.  Xhe 
(cartilaginous  capsule  of  the  ear-oigan  also  sends  a  thin  plata  to 
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the  supcroccipital,  and  a  thicker  process  behind  which  become*  the 
basis  of  the  mastoid.  All  the  above  cartilaginous  ])art8  are  more 
or  less  continuous  or  confluent,  and  when  separate  from  the  un- 
chondrifieJ  extensions  of  the  brain-capsule  have  been,  illojjically, 
termed  *  primordial  cranium'  (Primordialschadel).  Hit  the  actual 
embrj'onal  or  primordial  skull  is  originally  wholly  inembranous, 
and  at  the  stage  above  described  includes  parts  tincliondriiied,  as 
well  as  those  showing  the  intermediate  histolngical  (  on  version  into 
cartilage.  The  bones,  ossification  of  which  bpfrins  in  membrane, 
arc  the  basioccipital,  vomer,  upper  half  <»i'  ttujieroccipital,  parietals, 
front-als,  nasals,  lacrymals,  malars,  squamosals,  palatines,  ptery- 
gnids.  A  pair  of  cnrtihiginous  buds  from  the  prefrontals  form  the 
piers  oi"  the  yet  unclosed  anterior  haimal,  or  '  maxillarv,' arch.  A 
pair  of  cylindrical  cartilages,  called  'Mecktl  s/  are  developed  in 
tiie  hlastemal  basis  of  the  tympano-mandibular  arch.  The  body 
and  the  stylo-hyal  ]>artsof  the  cornua  of  the  hyoid  are  pfri^tly 
before  they  ossify  :  mucb  of  tlic  cerato-hyal  parts  of  tliis  thin  ha»mal 
arch  retain  tlieir  primitiv<'  fibrnu^  condition.  The  capsule  of  the 
essential  parts  of  the  organ  of  vision  is  iu  the  same  *  sclerous  '  pre- 
dicament in  Mnn  and  Mammals:  that  of  the  organ  of  luaring 
becomes  cartilaginous  before  it  ospifipc:-  f]je  perfection  of  this 
organ  in  the  well-hrained  Mammal?  calls  lor  accessory  parts,  which 
show  their  true  nature  by  their  rapid  growth.'  The  true  com- 
prehension of  the  developemental  j^hcnomena  of  the  Human  and 
Mammalian  skull  i?  afforded  by  that  of  its  vertebral  archetype: 
the  artificial  nature  of  the  classification  of  the  ossified  parts  into 
*  primordial  skull-bones  *  and  *  lid-bones  '  (*  Deckknochen  *)  is 
hereby  plainly  manifested :  it  is  akin  to  that  which  divides  them 
int^>  *  eight  bones  of  the  cranium'  and  *  fourteen  bones  of  the  face.' 

The  first  seven  segments  of  the  trunk  consist  each  of  *  centrum,' 
<  neunpophyses,'  fig.  403,  n,  and  '  plenrapophyses,' j?^  the  ultimate 
confluence  of  which  forms  the  bone  called  'cervical  vertebra:' 
the  centrum  of  the  first  of  these  coalesces  with  that  of  the  second, 
and  forms  the '  odontoid  process  i*  its  place  in  the  *  atlas '  is  taken 
by  a  '  hjfMphophysis.'  The  plenrapophyses  of  the  seventh  cer- 
vical are  occasionally  elongated  as  'ribs,'  fig.  185,  a,  d«  In  the 
seyen  segments  which  succeed  the  cervicals,  the  plenrapophyses, 
pi,  are  elongated,  and  retain  their  freedom ;  and  after  the  first  they 
are  shifted  to  the  interspace  between  their  own  centrum  and  the 

•  TTlO  precocious  dcvcloyn^nTrnt  of  t^c  par-orjrnn  and  its  comi-lrx  ny<p('fi'1rtfTf'9  in 
Mammals  turely  perplex  tbu  dcvolccs  of  dcrclopcmcntal  pbenomctm:  the  superadded 
bonet  of  tb«  ear-drnm,  growing  itnughtwajr  to  full  size,  and  appropriming  moch 
of  the  UaatesM  of  Um  plearftpophjml  or  tjnipanic  part  of  tbe  hwDal  arch,  katt 
btsa  twtilabla  *  witt-o**lli9-wia|»  *  to  hwilovt  of  homolQgiM  on  cmbrjrologletl  grovnd. 
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next  in  advance  (or  above).  The  hacinapophysee,  A,  are  gristlv  and 
interposed  between  the  pleurapophyses  and  the  haemal  spine*,  the 
conversion  of  which  into  the  *  sternum'  has  been  already  explained. 
The  fact  of  this  short  and  slender  bone  in  Man  being  iMvsified 
fmm  a  longitudinal  series  of  centres  (fig.  364,  b)  is  leamt  from 
embryology,  the  reason  from  general  homology.  The  hsemal  4 
spine  here  repeats  the  variability  of  its  homotype,  the  neural  one, 
being  sometimes  entire,  sometimes  bifid  (ib.  c,  d).  In  the  three 
succeeding  segments  the  pleura|)0]»hy8e8  become  shorter  and  the 
htemajwphyses  are  attached  by  their  attenuated  ends  e«ch  to  that 
in  advance.  In  the  next  two  segments  the  still  shorter  pleor- 
apophyses  resume  the  exclusive  articulation  with  their  pro|»er  cen- 
trum and  tenninate  freely.  The  centrum  and  neurajwphyges  of 
each  of  the  segments,  with  free  and  elongate  pleura j)ophyses,  con- 
stitute by  their  coalescence  the  *  dorsal  vertebme,'  which  are 
*  twelve  *  in  number.  Each  of  the  five  succeeding  segmentji  is 
represented  by  the  centrum,  neural  arch,  and  short  etmfluent 
pleurajwphyses,  forming  the  *  lumbar  vertebra? : '  the  ha[;mapo> 
physes  of  these  segments  are  represented  by  the  *  insoriptiune* 
tendineaj  muscidi  recti,'  A',  which  are  tlie  homologues  of  the  gristly 
or  bony  *  abdominal  ribs'  of  reptiles.  The  constitution  of  the 
Human  *os  sacrum'  has  already  been  given.  Part  of  a  sacral 
pleurajxiphysis  expands  to  form  the  *  ilium,'  fig.  403,  6-2,  pi.  Two 
hajmapophyses  called  *  ischium,'  63,  and  pubis,  6*,  coalesce  with 
62  to  constitute  the  *  innominatum  : '  the  inverted  arch,  supporting 
the  appendage  which  becomes  developed  into  *  pelvic  limb^'  is 
completed  by  the  ischio-pubic  symphysis. 
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I     En'f!yh  r.eric<m.  Eleventh  Editioii,  aqoaro 

'      I2mo.  ~ !'■  6</. 

A  Sanskrit-Engliah  Dictionary, 
The  Sanskrit  words  printed  both  in  the 

original  Devanagnri  and  in  RmnMii  \  t'<  r'; 
with  References  to  the  Beat  Kditions  of 
Sanskrit  Authorji,  and  with  Etymologies 
and  Comparisons  of  Cognate  Words  chiefly 
in  Grerk,  Latin.  Gothic,  and  Anglo-Saxon. 
CoinpiliMl  by  T.  liKSKEY.    8vo.  52«.  6«/. 

A  Practical  Dictionary  of  the 

French  and  Logli^h  Languages.  By  L. 
CosTAXSBAir.  11th  Edition,  poetSro.  10a.  6dL 

Contanse.'vu's      Pocket  Dictionary, 
French  aii<  i  English,  abridged  from  the 
above  by  the  Author.   New  Edition.  18mOb 
price  8s!  6* 
New  Praotteal  Dictionary  of  the 

German  Language;  German -Knglisb,  and 
Engliah-German.  By  the  iier.  VV.  L. 
B1.AOKUT,  HA,  and  Dr.  Carl  MAnmi 
FrmdUiiosb.  Post  8to.  14i. 
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BeoreaUoDS  of  a  Country  Parson. 

^  A.  K.  H.  B.   Ytan  Sesizs,  with  41 

WuoJcut  Illustratious  from  Designs  by 
K.  T.  I'ritcbett.    Crown  8vo.  12«.  6d. 
Bocreatlona   of  a  Couutry  Faraon. 

The  Commoiiplace  Philosopher  in 
To^^  and  Coactry.  ^  the  same  Author. 

CroiTQ  6vo.  3<.  64. 

IiSiaiiM  Howe  in  Town  {  BMa^rs  Consola- 
tory. Jlsthetical,  Mora!,  SjcI.i!.  ai:cl  Do- 
mestie.    By  tUo  «a:ne.    Croxn  Svo.  os.  Sd. 

The  Autumn  Holidays  of  a  Country 
Pines  {SeMyacoatrilmted  to  Frarn'MMt- 
Q-.zhii  ana  t~  Good  VwtU*  By  the  eameb 

Cr.^^vn  Svo.  3<.  Crf. 

The  Graver  Tiioughts  ol  &  Country 
Parson.  Second  Skiues.  By  the  eame. 
Crotvn  Svo.  S*. 

Critical  Bsaays  of  a  Country  Parson* 
selected  from  Esmjs  contribatcd  U>  flwMr'e 
If^gasimt.  By  the  eeme.  Poet  five.  9a 

Sunday  Afternoons  ?.t  the  Parish 
Courcb  01  a  L'uiversity  titr.  Uy  the  eame. 
Crown  8to.  Ss.  Cii. 

A  Campai^dr  at  Home.  By  Sunt- 

LKT,  Autl.or  Ol'  *Tha'.uUa'  ar.J  *XugK 
Criricas.'   To.!  fivo.  with  YigccUe,  75.  CJ. 

Studies  in  Parliament:  a  Scries  of 
Sk«tch«a  ^ii  L«aUIU|;  i'vuticiaiu.  By  R.  H. 
HoTTOor.  (Reprinted  from  the  FaB  Matt 
<iWta)  Oownfivo.  4«.6dL 

Lord  Haottii]ay*8  Miseellaiieoiis 

Lun..^UY  Editio.x.  2  Vols.  Svo.  Portrait,  21$. 
Pkox'Le's  Kpitiox,  1  Vol.  cri.v,r;-  i«\-o.  in.  CJ. 

The  Bov.  Sydney  Smith's  Mis- 
c«!lAneott8  Worket  iadnding  hU  CoDtriha- 
tions  to  the  Ei^mtmrpk  Ittviem,  Ptoplc^e 

Kvuiian,  2  vola.  crown  Svo.  Ss. 

£lementary  Sketches  of  Mor:\l  FLr.o- 
soph^-,  d«ltT«red  at  the  Boyal  lu^ULuUun. 
9y  the  eeme  Anther.  Fcp.<fta 

The  Wit  and  Wisdom  of  tho  Ber. 

nemorabic  i  x^age^^  iu  Li^  W  niini^i  And 
Ooarenatioo.  16mo.  5i. 

Spigrtmi,  Ancient  and  Modern: 

namorott9,  Witty.  Sa.::;  auU 
Pantg^'ficaL  Ldileu  by  iiev.  Joiu;  ijtoaru. 
BJLCamtridfe^  Second  Edition,  reviied 
andenliigea.  F<p.Ta6dL 


The  Folk-lK>re  of  the  KorUieci 

Geonties  of  England  aad  the  Borderm.  If 

WuxiAM  Uksdep.SOX.  Will:  au  A-  uiLs 
on  non?' 'aolJ  Storks    Ly    the     Utx,  5 

Pnmtiepiece^  9a  6dL 
From  Hatter  to  Spirit :  the  Bwr 

of  Ten  Tears'  Experience  in  Spirit  Mini'ln 
tatiojis.  By  Soroxa  Ds  MosaA^i 
With  a  Preftwe  by  PtofeMOf  Db  Moaan 
Poet8Te.8s.  fti. 

Essays  selected  from  Contribu- 
tions to  the  Edinburg/i  RecUw,  By  IliZTrT 
Booii.iis.   Second  Edition.    3  vols,  tcpw  iu. 

Beaaon  and  :Faitli,  Umir  Olalmn  aci 

Conflicts.    By  the  same   Aut?^  r. 
Edition*  revised  and  exteo^^eJ,  aiid  acccT 
panied  by  uveial  other  Saaays,  on  rela:^ 
Mbjeete.  Crown  Svo.  <b.  6cr. 
The  Eclipse  of  Faith;  or.  .i  v:at  t: » 
Keligioas  Sceptic.  By  the  aame  Astwc 
Eleventh  Edition.  Fcp.  U, 

Defence  of  the  EoUpae  of  V«tt]x«  igr  % 

At:lbor.    Tliir,!  EJiticn.    Fcp.  3s.  6i4 

Selections  £rom  the  Correspond«B» 
orB.£.ILGr«yson.  By  the  aame  Auibc 
Third  Edition.  Clown  8to.  7a. 

FuneTi-ma,  or  the  Wisdom  »ud  vr;;  i 
TuoHAs  Fuu.£S,with  Easay  oq  his  XJi'«  ss 
Qeaias.  Ify  the  Mint  Aathet.  l8BMk,2aii 

Occasional  Easaya.  By  CaaxBa 

■Wkkn  Hcvskyxs,  Author  of*  Toips,  or  tbr 
Clironlclet  of  a  Cliyr  Fann»*  Ac.  Ifi^ 

5s.  6J. 

An  Essay  on  Human  Kanir^i 

showing  the  Necessity  of  a  DiTiaa  geetfi 

tion  for  the  Perfect  Devclopweni  ^  ^Tis'i 
Capacities.  By  KaxaT  S.  BoiaAC,  MiX 
F.B.Sw  and  0.8L  8m  Ifa 

The  Philoaopby  of  Nature ;  a  9p- 

tematic  Treatise  on  the  Causes  sn<!  I_.;iv  ^  ^ 
Xstural  Pbtfiawneoa.  By  the  eame  ^*iLlrtf 
8v«,12«. 

The  Secret  of  Hegels  bein?  t^ 

Uegelisn  System  in  Origin,  Principle,  Fozii 
and  Matter.  By  James  Umrcwieoa  fttis* 
uxo.  S  Toli.  8to.  SSt. 

An  Tfitrednetlcm  to  Mental  Phi- 
losophy, cii  the  Inductive  Method.  Bjf 

J.  D.  M..t:fll.  M.A  LT„D.   fvu.  I?,. 

Blwnenta  of  PayoholQCj,  contaluiu  tJ^ 
AnalTrieef  the  Intoilectaal  Fewoa.  Bty 
the  Muae  Author.  P«Mt  tvob  Za  6il 
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Sight  and  Touch:  an  Auonipt  to 
Disprove  the  lieceiveii  (or  B«rkeleian) 
Theory  of  Viaion,  Br  Thomas  K.  Abbott, 
M..\,  Fellow  and  Tutor  of  Ti  in.  ColLDabUn. 
8vo.  with  21  WooUcut^  5s.  G<L 

The  Senses  and  the  Intellect. 

By  Ai-EXAXDEn  H  M.A.  Prof,  of  Logic 
in  the  Univ.  of  Aberdeen.   Second  Edition. 

The  Xmolioau  and  the  Will,  by  tb» 
Anlhor.  Sro.  15*. 


On  the  Study  of  Cliaracter,  including 
an  l::«Liniat«  of  Phrenology.  By  the  «ame 


Time  and  space:  a 

F-s«ay.  By  SHAn-^voRTB 
five.  pp.  5^  price 


The  Way  to  Rest:  Resnlts  from  a 
Lif« -search  after  lieligioua  Trulh,  By 
B.  TauoHAy,  D.IX  Cromt  8to.  7a  6ff. 

Hotm  with  tbe  Hystios:  a  Contri- 
bution to  tbe  History  of  Religious  Opinion. 
By  Robert  ALFnitn  Vaiohak,  R.A.  Se- 
cond Edition.  2  vols,  crown  8vn.  I  '.*. 

The  Philosophy  of  Nocessityj  or. 
Natural  Law  as  applicable  to  Mental^  Moiali 
and  ^ockl  Science.    By  Coablm  Bbjlt. 

Second  Kdition.  8vo. 

The  BdneatioB  of  the  yaeliiiita  and 

Airect}nn<;.    By  tbe  saoM  Attthor.  Third 
Edition.   8ro.  3s.  6d. 
On  Force,  its  Mental  and  Moral  Corre- 
laUs.  B7  ihe  «ame  Author.  Svo.  6u» 

Christianity  and  Common  Senae. 
By  Sir  Wiu.oioiiBY  J<-vKi^  Bart.  JUL 
TriiL  Coll.  Cantab.  6ro.  6«. 


Astronomy^  Meteorology^  Popular  (renfjraphy^  (^'c. 


Outlines  of  Astronomy.  By  Sir 

J.  F.  W.  Hkrschkl,  Bart,  M.A.  Eighth 
Edition,  mlMd ;  with  PlaUa  and  Woodenta. 

Arago's    Popular  Astronomy. 

Iraaslatod  by  Adoiiral  W.  IL  Smtth, 
F.R.8.  and  R.  Grast,  >T.A.  WI'li  ?5  Platea 
and  358  Woo«Uuta.   2  vols.  bvo.  £2  5*. 

Saturn  and  ita  System.  'By  R:<  .1- 

AV.n  A.  Pboctor,  B  A.  late  Scholar  of  St. 
John's  Coll.  Camb.  antl  King'aCoU.  London. 
Bto.  iritb  14  p]at«%  U*. 

Tha  Haadboolc  of  tlio  Btaara.  Bj  the 

d.imc  Author.  Sqitara  fcp.Bm  with  8 Maps, 
prico  da. 

Cdlestial  Objects  fbr  Common 

Xf  te^  'ope-.  liy  1.  W.  W'kpb,  M.A.  F  T.  A  S 
VYitb  Map  ot  the  Moon,  and  Woo<icata. 
LSmo^Tii. 

A  General  Dictionary  of  Geo- 
Ipraphy,  IXeMriptive,  I'hyaical,  Statistical, 
ajid   Historical  {  ftrmiaf    a  e«ap1«ta 

Gazettwr  of  t!-e  W.  -M.    Py  A. 
Jofmrox,  F.i^S.]::.  8vo.  31  f.  M. 


I 


M*Culloch*s  Dictionary,  Goofrra- 
phtcal.  Statistical,  and  liistoricai,  ef  the 
Tariotu  Cotmtrfct,  Places,  and  principal 
Natural  Objc  '.s  in  the  World.  Revised 
Edition,  with  the  Statistical  Informatien 
throughout  brought  up  to  the  latest  retoma. 
ByFRKDKRtcx  MABTiir.  4  wis.  8m  with 
coloured  Maps,  £4  4a. 

A  Manual  of  Gteography,  Phyaical, 

Industrial,  aii  l  rv.liili  h1.  By  W.  ITunn'^s 
F.R.G.S.  Prof,  of  Geog.  in  King's  ColL  and  in 
QvMD's  Coif. Loud.  WIth6Map&  Pq».7t.«if. 

Hawaii :  the  Past,  Present,  and  Future 
of  iu  Iiland-Kingdom ;  aa  Historical  Ac> 
count  of  the  Sandwich  Islanth  By  MaxleV 
iiofKiXjj,  Hawaiian  Consul-Gencral,  fic. 
Second  Editioa,  rerfsed  and  continued; 
with  Portrait,  Map,  and  8  other  Illustra- 
Uons.    Po«t8vo.  12«.6fll 

Maundor*8  Treasury  of  Geogra- 
phy, Physical,  Historical,  Descriptive,  and 
Political.  Edited  by  W.  HuouKa,  F.R,ti.S. 
With  7  Mapa  aad  J6  Plate*.  PcM<k  Ml 

Pbsraloal  Geography  for  Schools 

ami  Gencnil  IJoailers.  By  M.  F.  NaVKT, 
L  L.  I ).    Fc  p.  with  ^  Charts  2«.  tki. 


Natural  Hiatory  and  Popular  Science. 


The  Elements  of    Phyaiea  or 

Nntural  Philo«ophy.  Hy  Ni  if.  AitsOTT, 
M.D.  F.U.S.  Physician  txiraordinary  to 
the  Queao.  Sixth  Edition,  rawrlttan  and 
eomplftad.  3  Partly  8to.SU 


Volcanoa,    the   Charaotar  of  tbair 

Phenomfm,  ?hi?ir  Shnre  in  the  Structurt 
and  Composition  of  the  .Surface  of  the  Globe, 
Ac.  By  G.  PorLVTT  Scropk,  3LP,  F.R,3. 
Saccnd  Edition.  8vo.witb  Xllaitratlons^  16*. 
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Bocks  Classified  and  Doscribed. 

By  Berkha uu  Vox  CorxA.  An  Fuglisli 
Editiua,  bjP.lLLAWBENci:  (with  Lii{;lii>li, 
Gennan,«,ii4  French  Synonymed),  rerisod 
by  the  Author.  Post  8vo.  l 

Lilhology,  or  .1  riassiiied  Synops- :  t" 
the  Names  of  Rock»  and  Miaeral%  also  by 
Mr.  LkxenESCE,  adapted  to  the  shore  work* 
may  be  had,  price  5*.  or  in  inUMlon  one  side 
only  (interpaged  blank)}  for  use  ia  CebinetSt 
ju  ice  7*. 

Sound:  a  Course  of  Six  Lectures  deli- 
vered at  the  Boyal  lutitatUm  of  Great 

Britain.  By  Professor  JoilX  TxWAhL, 
hL.D.  l!  jL&,  I  voL  crown  8vo. 

\_ye(ij!-j  ready. 

Heat  Considered  as  a  Mode  of 
Motion.  By  Professor  JOBir  Ttsdall, 
LL.D.  F.R.S.  Second  Edition.  Crowti  8vo. 
with  Woodcat4»12«.6dL 

A  Treatise  on  Electricity,  in 

Theory'  and  Practice.  By  A.  Dk  la  KlYK, 
Prof,  iii  the  Academy  of  Qenera.  TruM- 
Uted  by  C.  V.  Walk  IK,  F.ILS.  8  YOls. 
8v<i.  viih  WoodcuU,  U  13i. 

The    Correlation    of  Physical 

Forces.  By  \V.  R.  Grove,  Q  C.  V.P.R  S. 
Fifth  Edition,  revised  by  the  Auilior,  and 
angmented  by  a  Diecoucae  on  CooUnuity. 
8to. 

MannfllofG^eology.  By  s.  Hai  ghton, 

M.D.  F.R.8.  Fellow  of  Trin.  Coll,  and  ProC 
of  Geol.  in  the  Umv.  of  Dublin.  Second 
Edition,  with  66  Woodcuts.  Fcp.  7«.  6d. 

A  Qidde  to  Qeology.  By  J.  Fhxxxips, 

M.A.  Prof,  of  Gci  l.  in  the  Univ.  of  OzibnL 
Fifth  Edition.    Fcp.  it. 

A  Glossary  of  Mineralofary.  Ry 
H.  W.  Bristow,  F.G.S.  of  the  G»ft»log»ciil 
Sorw  of  Great  Britain.  With  486  Fignrse. 
Crown  8vo.  ISfc 

The  Elements:  an  investigation  of 
the  Forces  ttbitb  dft'^rmine  the  Po^^ilinn 
and  Movements  of  the  Ocean  and  Ainn*- 
aphere.  By  Wiluam  Lkigiitos  Jobda:i. 
Vol.  I.  royal  8vo.  with  18  ni8]M»  price  8t. 

Phillips's  Elementary  lutroduc- 
tion  to  Mineralogy,  re-edited  by  U.  J. 
Brooke,  F.R.S.  and  W.  II.  MitxBB,F.G.S. 
Post  Svo.  with  Woodcuts,  lis. 

Van  Der  Hoevon's  Handbook  of 

ZOOLOOY.  rraii>l.it.' 1  fnjm  t!ic  Sec»nd 
0fltch  Edition  by  the  Kev.  ^V.  Cijibk, 
]U>.F.R.S.  2  vote.  8to.  with  24  FUtee  of 
Ftguni^fiOa. 


The  Comperalive  Anatonvy  ni 

Phv.siology  of  the  V.-rtebr.ite  Anitnxlv  E» 
Richard  Owkit,  F.1L8.   D.CL  3 
8vo.  with  npwarda  of  1,200  Woodc» 
\o\.A.  I.  and  11.  price  81a.  MCfap  tumTmi*. 

Vol.  TII.  io  the  Spring. 

The  First  Man  and  His  Place 

Creation,  coii$ld«»red  on  the  IViuciplti 


Common  Sense  from  a  Chriati^Ji  Pi  ict  4 
View:  with  an  ApjL  .Jix  on  l!*©  N'^*- 
By  Gkorge  ^looRE,  ^.D.  MLfiLCPJ*  4; 

Pust  ?vo.8j.  Gd. 

The  Lake  Dwollings  or  Switae^ 
land  and  other  Parte  of  Ewropet.  By  Dr  i 

Kfi.i.kr,  President  <»ft!i«  ADt't()itanasi  Aav- 
cialion  of  Tr;ui»i.it.  l  an  !  arrjic^-. 

by  J.  E.  1,1:1:,  F.S.A.  F.ti.S.  Atahw 
*Iflca  Silurum.'    With  enrrenl 
and  nearly  100  Piatee  of  Fi| 
8vo.  ?.!».  (id. 

Homes  without  Hands:  a  Ihxr-.- 
tion  of  the  Habitations  of  A  mmaiv 
according  to  thoir  I'nnL-if.Ioof  i 
By  P.  v.  J.  (1.  W..01.,  M  A.  W- 
about  140  Vignettes  on  \Vo<m1  (^^0  iuLm 
of  page).   Second  Edition.    Svo.  2lc 

The  Harmonies  of  Kature 
Unity  of  Creation*  "Bf  Dr.  G.  Baki 

8to.  with  nitmeroas  Ilfattration^ 

Tlio  Sea  and  ita  Living  Wonder*. 

the  same  Author.  Third  EdiUoo,  eaJbiz) 

8m  Witt  many  lUnatntiooiw  2l«. 
The  Tropical  World.  By  thr  sa^jj.»  Aul  «- 

With  8  Chromoxylographs  and  ITS  We**- 

cttts.  8vo.  21  f. 

Manual  of  Corals  and  Sea  Jollim 
By  J.  tL  GRBBin,  BA  EdHod  by  J.  l 

G.\T.nR.\iTit.  M.A-  and  S.  lUCNXimw^  if* 
Fcp.  with  al>  Woedcttta^  6«. 

Manual  of  Sponges  and  Animalcula 
with  a  General  Intrwiuction       tit*  l*ruk»- 
ples  of  Zoology.   By  the  saino  Atttlaor  nni 

Editors.  Ftp.  with  IG  W.^oiUain^ 

Manual  of  the  Motanoid.-s.  Pr  J.  Ar^  .»nj 
M.D.  F.R.S.  and  the  name  Edttorv.  ^ 
Edition.  Fcp.  with  88  Woadc«t«»  7a.  edT 

SketolieB  of  the  Natnnl  Histozy 

of  Cevlon.    By  Sir  J.  EMRR&rf^ji 
K.C  -S.  LLIX   With  82  Wood 
Post  8vo.  l2<.CdL 

Ceylon.  By  the  tame  Author,  ith  EOiUMBii 
with  Maps,  &c.  and  80  Wood  Engx^viuK 

2  vols.  8vo.  £2  lOt.  " 

The  Wild  Elephant,  its  Struclnrc  and 
lldbll-s  with  the  Method  ol  i  ukiii|{  mrA 
Training  it  in  Ceylun.  By  tho  IMM 
Author.  Fcp.  8ro.  with  lltoatntiea^ 
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A.  Famiiiar  History  of  Birds. 
By  E.  STAMLKTy  D.D.  ]$ti»  Lord  Bishop  of 
Norwich.  Fcp.  with  Woo<lcttt%  B$, 

Kirby  and  Spence's  Introduction 

to  Enfotnolo^'y,  or  EleitifnlH  of  the  Natural 
Iliator\  i  f  Insects.   Crown  8vo.  bx. 

Iffaundor'a  Treasury  of  Natural 

Hiatory.  or  PoptUar  Dictionary  of  Z«x>logy. 
KevUed  iind  corrected  by  T.  S.  Cobboud^ 
MJX  Fq>.  with  900  Woodcata,10t. 

The   Elements  of  Botany  tat 

Families  ami  ScLoiiln.  Tenth  E.lition,  re- 
vised bv  TuoiUU  MooKK,  KL-S.  Jrcp 
with  m  Woodcnti^  St.  9d, 

The  Treasury  of  Botany,  or 

POfwIar  Dictionary  of  the  YegsUble  King- 
<lom ;  with  whiih  is  incorporated  a  Glos- 
sary of  Botanical  Terms.  Edited  by 
J.  LnroLSY,  F.S.8.  and  T.  Uoobb,  F.L.8. 
assisted  hy  eminent  Contributors.  Pp. 
1»274,  with  274  WoodcuU  and  Steel 
Platen.    2  Parts,  fcp.  20*. 

The  British  Fkura ;  comprising  tb« 
PliMiogaiiHMife  or  Flowering  Finite  oad  the 

Fern*.  l\y  Sir  W.  J.  HooKKri,  K-TI.  and 
Q.  A.  Walkks-ArkotTi  LL.D.  I2iiio* 
with  12  Plates,  I4«.  or  coloured,  21s. 

The  Bose  Amateur's  Quide.  By 
TtaoMAs  RnrsHS.  New  Edition.  Fep.  4«i 

The  Indoor  Gardener.  By  Miss 
Mauiio.  Fepb  with  Fn>ntispioM^ 


Itoudon's  Uncyciopsedia  of  Plants; 
oompri^ag  the  Speeiile  Charsfiter,  Deecrip- 
tion.  Culture,  History,  &c.  of  all  the  Plants 
found  in  Great  JBhtaiu.  With  upwards  of 
12,000  Woodcuts.  8V0.4U 

iKradon'fl  ]!no7<dopsBdift  of  Trees  snd 

Shrubs ;  contiiiuini^  tlifi  Hardly  Tretv-i  and 
Shrubs  of  Great  Britaiu  scientitically  and 
popularly  deaoihed.  With  2,000  Woodcnta. 

Bryologia  Britannica ;  coutaining 

(he  Mosses  of  Croat  Britain  and  Ireland, 
I      arranged  aud  deactibed.    Bv  W.  \Vilm>. 
Sto.  with  61  FIstea,  42s.  or  ODloiued,  if. 

'  Mannderti  Soientiflo  and  Idte* 

,  rary  Treasur>' ;  a  Popular  Encyclopasdia  of 
'  Science,  Literature,  rtnd  Art.  New  F.tlition, 
I  thoroughly  revised  aud  iu  gruat  part  re- 
written, with  above  1,000  now  artidea,  bj 
'     J.  r.  Joii3rao9,C0rr.U.Z.S.  Fcpui0s.6«L 

A  Dictionary  of  Science,  Litera- 

tare,  and  Art.  Vourlh  F.dition,  re-cdited 
by  the  late  W.  T.  BBAiiUii  (the  Author) 
and  Groroe  W.  Cox,  ILA.  8  TOls.  nediom 
8vo.  price  68s.  cloth. 

Essays  on  Scientific  and  other 
subjects^  contributed  to  Beviews.  By  Sir  U. 
Hqixahd^  Bart.  M.D*  Sacedd  Editloo. 

Essays  ftom  the  Edinburgh  and 

Quarterly  Heviewt  ;  with  Addrf  ss<?ii  aiK' 
.  other  Pieces,  By  Sir  J.  F.  W.  iiiLUacuLL, 
I     BartU^A.  8ro.l8«. 


ipiiemistry^  Medicine^  Surgery^  and  the  Allied  Sciences^ 


▲  Dictionary  of  Ohemifitiy  and 

the  Alliud  Branihi  s  of  other  Sci*»ncea.  By 
H  mmY  Watts,  F.CS.  assisted  by  ouiiueut 
Cod tribu tors.  8  vols,  medium  8vo.  in 
ct>-nr»r«  of  publication  in  Parts.  Vol.  I. 
31 1,  G(l  Vou  IL  36a.  You.  UL  81f.  6d, 
aitd  Vol.  IV.  24c  are  now  raa4y. 

A  Handbook   of  Volumetrioal 

Aujilvsis.    By  IloBKKT  IL  ScOTT,  UJL 
T.&i>.     Foai8T0.4&&i.  I 

Xlemonts  of  Chemistry,  Thcore- 

tifal  ;iiid  IVtrfi-  t'.  By  William  A.  | 
Miu.fc.Ji,  M  l>.  LL.1>.  I  .U.S.  l  Pro- 
fttMor  of  Chemiatry,  Rini;*B  College,  London.  , 
8  vols.  8vo,  X2  13».  Part  I.  Ciikmical 
PuYUCs.  Third  EdiUoo,  12s.  Faut  11.  ' 
boBOAXio  CunnmT,  Sla.  Paw  IIL  I 
Omasic  CitciiurKY,  Third  EdllioB*  Sis. 


A  Maniml  of  Chemistry,  De- 
scriptive and  Theorefi-  1I.  By  Wn.UASl 
Odliko,  M.B.  lr'.ii.S.   I'aut  1.  bvo.  i^n. 


A  Oonrae  Of  Pnetteel  Ohemlatry,  ftir  the 

U-10  of  Medical  Students.  By  the  sarn.; 
Author.  Second  Editioa,  with  70  new 
Woodoota.  CrMni8vo.7s,6dL 

Iiectures  on  Animal  Chemistry  Di  li\«  r-  d 
at  the  Koyal  College  of  Physicians  in  1865. 
By  tlw  aama  Author.  Crown  8va  4s.  6cL 

The  Toxicologist's  Guide:  a  New 

Manual  on  l'>ji^onf«,  giving  the  Best  Method"* 
to  be  poTBued  for  the  Detection  uf  Poisons. 
By  J.  HoKsutr,  F.C.8w  Analytical  Chemist. 
Foat  9fo,  Si.  8A 


Digitized  by  Google 


It 


SEW  W0&&8  ruBtnm  wr  IA>XGMA2iS  ami>  CO. 


Tho  Diagnosis  and  Treatment  of 

the  Disea^s  of  Women;  incladtng  the 
of    PregTiancy.     By  Grailv 


Hewitt,  M.D.  &c.  New  EdJlion,  with 
WooUcQt  lUaslratiOOSf  in  the  pres-). 


,1,  r 


Iiectures  on  the  Diseases  of  In-  i 

£uicj  and  CiiildlKHKL  iiv  Cua^lks  Wk^t,  i 
1I.D.  &c  5tb  fiditioD,  revised  tnd  cnUrged.  j 

Exposition  of  the  Signs  and 

Symptoms  of  Pregnancy :  with  otht?r  Papers 
on  anbjecta  ooanectad  with  MtUwifuy.  By 
W.  P.  Moarraosuxr,  MJL.  M.D.  M 
8vo>  with  lUuatcatioiUi  25«; 

A  System  of  Sui  gci  y,  Theoretical 

and  Practical,  in  Trcati.^es  by  Varioua 
Authors  Kilited  by  T.  Houics,  M.A. 
Cantab.  Assists t-Surg eon  to  SL  George'a 
HoiqrftiL  4  TOb.  8vo.  £4  18*. 

Vol. II.  IiOCftl  Injuries:  {Jm-shot  Wounds, 
Jjijorie*  of  tiM  Head,  Back,  Fac«»  N«ck, 
Cbeet,  AMooMB,  P«lfii»  of  the  Upp«r  loid 
Lower  Estrenitiea^  nd  Dieeues  of  tho 

Eye.    2  If. 

Vol,  III.  Operalivo  Surgery.  Bieeaaea 
of  tke  Orgiim  of  Giieaktioiit  Loeomolioii, 

Vol.  IV.  Diaeases  of  the  Organs  of 
Dig^tion,  of  the  Geui  to -Urinary  System, 
•ad  «f  tlM  Breut,  Tb^Toid  Glandt  and  SUn ; 
irith  AmxDix  and  Gsm sral  Isit^xz.  80s. 

Leotures  on  the  Frineli>les  and 

Prac  tice  of  Physic.  By  Thomas  WATac?, 
M.D.  Phrsician- Extraordinary  to  the 
Queen.    Fourth  E'H'i^r!.    2  vol-.  8vo.  34^ 

Lectures  on  Surgical  Patiiology. 
By  J.  Paget,  F.R.S.  Surgeon- Extraordinarj- 
totfaoQttiM.  Bdited  by  W.  Tjmm,  M.B. 
8vo.  with  117  Woodeati,  iU, 

A  Treatifie  on  the  Continiiad 

Fevers  of  Great  Britain.  E  v  C.  Mt"Rf'wi!»n?T, 
M.D.  Senior  Physician  to  the  London  Fever 
Hospital.  8Y0.  w!th  colomred  Pittas,  Itt. 

Anatomy,  Descriptive  and  Sur- 
gical. By  Umx!nr  Gray,  F.ILS.  With 
410  Wooil  Engnivkig?  from  DiMectiona. 

Ution.  by  T.HoxJU%  U^Gwitfth. 


Kova!  8vo.  28*. 

Tho  Cyclopsedia  of  Anatomy  and 

Physiology.  Edited  by  tho  late  ii.  U.  Todd, 
M.b.  FJL&   A-  isfed  by  nearly  aU  tba 
most  eminent  o  'tiv.imrj  of  Physiological 
Science  of  the  present  age.  i  vols.  Svo.  { 
With  S,858  WoodcQts  M  ei; 


Physiological  Anatomy  and  Plj- 

M.D.  'F.ILa  and  VT.  B<nfmAM,  F.l> 

KiT^g^  C  ^*?cr.  .   With  awM«a*  Ite.. 
tions.    Vob.  IL  8vo.  25*, 

Yot-i.  New  Edition  bv  I>r. 
Buu^  F.BjSt.  in  eourm'  of  pofaL^a. 
Past  1.  with  8  Piatet,  7«.  e<L 

Hlstologioal  Pemomitytiomi; 

Guiile  to  tlie  Micro;<'<'j)5cnl  Kx  azxiiaa:  - 
the  .\nim.il  Ti^^sn.  ■       f!.  tlih  and  I.H. - 
for  the  use  of  ibe  ilediciii  and  V«t«r.a. 
ProfMons.  Bj  G.  Hasurt,  M.1X  F  T  , 
Prof,  in  Univ.  Coll.  London ;   au  I  u 
Bkowx,  M.R.C.V.S.  Prof.vxsor  of  \> 
nary  Medicine,  and  one  of  th«  Icii 
Officers  in       Cuttle  PU;^ 
of  the  PriTv  CoundL   Po«»  8t«.  with- 

Woo-i'  Mf  e  12f. 

A  Dictionary  of  Practical  Msc 
cine.     Bv    J,   Cow-iJtB,    M.D.  FX 
Abrid^  fipom   the  brger   work  br 
Author.  i*M?tea  hy  J.  C  Copi..urr>.  M.R 
and  throoghoot  brought  domu  to  th«  r 
ant  lUta  of  If odieal  SeiAncoL  1^- 

The  Works  of  Sir  B.  C.  Broei" 

Bart.  coUertM  nrd  arrar>{r«d  by  Ciiis-; 
Hawudis,  a  voda.'  .Svo.  ^ 


Antobiography  of  Bir  B.  C. 

Bart-  printcl  from  the  Author's  raattr- 

kfl  in  MS.   S'Xv'n  l  K -lit ion.    Fcp.  €».  t 


frcs 


A  Manual  of  Materia 

and   Therapeutica,  abridg««i 
pBsnRA*9  Elmmt$  hf  F.  J-  Fajhcs.  h: 

R.  WAiu:xt,TO»,  F.K-S.  I  voL  wS; 
90  Woodc'its,  21*. 

Dr.  Percira*«   Womwito  «rf  MaMMi 

Mo.l;c  i  rt"  1  Thrra-H^iitic^Th-T  l  "Fr.t.-'  * 
A.  S.  Tat  LOR,  M.D.  and  G.  V.  Ekss.  It-' 
S  vol?.  8vf>.  with  Woodcuta.  ^3 

Thomson's  Conspectus  of 


British 

Edition,  corre  U'd  .ir  l  ra.^'- 
throughovit  to  the  New  Phirma«T»i»i»  - 
the  GtaerAl  Council  of  Medica]  %Axtemm 
By£.Lu>Ti>Bouc>RvMJk  l%mxtt,U 

Manual  of  tho  Domeetto  VamsUm 

•f  Medicine.     By  W.    B.  KtsTarc 

F.RC.S.E.  Second  Ediifor^  thona^gUv 
revis  .'  1.  with  ALMition*^  Fcr. 

Sea-Air   and   Sea-B«t2un«  for 

Chiidrtn  *ad    lavalkJ*^  IVitaiAV 
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The  Bestoration  of  Health;  or,  ' 
the  ApplicAlion  of  the  Lawi  of  Hjgiene  to  , 
th«B«oOTra7or  HaalCh:  a  liMiiillftrtht  | 

luvalid,  and  n  Guide  in  the  lUdc  Room. 


Manual  for  the  Classification, 
Traioingt  suid  Education  of  the  Fe«ble< 
llindad,  Inbedle,  aid  Idlotie.  Bjr  P. 
Mabtin  Di.NCA.v.  l^T.B.  and  WlUXAM 
MiujURO.  Qrown  8yo.  ^] 


The  Fine  Arts,  and 
The  Life  of  Man  Symbolised  by  , 

the  Moniba  of  the  Tear  in  their  Seasons 
ai  d  Pha:)ei»;  with  i'aasages  6«Jected  frum 
Ancimtaad  Modem  Authors.  ByKicnxRD 
PiGoT.  Accompanied  br  a  Series  of  25 
fuU-page  Illustratioiis  and  numeroos  Mar- 
ginal Devices,  Dworatihro  Initial  Lotters, 
and  Tailpieces,  engraved  on  Wood  from 
Original  Designs  by  Joaa  Lssamov, 
F.S.A.   4to.  42». 

The  "New  Testamenti  illustrated  with 

Wood  Kn^aTings  after  the  Early  HwsUn, 
ehltflyoT  the  Italian  School  Crown  4to. 
6S1.  doth,  gflt  top  {  Of  X6  Sf.nioroeeo. 

Iiyra  OermaiitoA;  Hymn?  for  tho 

Sundays  and  Chief  Fef-tival^  of  the  Cliristian 
Year, '  Tranilated  by  Catukruck  Wuik- 
WOBTH}  126  IQnftratiou  on  Wood  drawn 
hjj.  LaioiROKtFAA.  Fcp.4lo2U 

Oate*  and  Vvebe^B  Kdral  Mm^ 

blenis;  with  Apliorisms,  Adu^c.H,  and  Pro- 
verbs of  all  Nations  :   comprijung  121  ' 
lUostrationa  on  Wood  by  J.  LnoHTOiH, 
F.3.A.   with   an   appropriate    Tost  by 
JLPioor.  Imperial  8vo.  8U  (ML 


lUustrated  Editions. 

Shakspoare*s    Sentiments  and 

Sitiule.s  i>ri!ittd  in  BlacL  and  Gold,  and  illu- 
miiuit«il  iu.  tLe  M.is>saUtyle  by  lii^suv 
HuiiPiiB£T8.  In  massive  COWS,  containing 
the  Medallion  and  Cypher  of  Shakspoarc. 
Square  post  8vo.  2U. 

Haif-Hom*  Lectures  on  the  His- 
tory and  Practice  of  the  Fine  and  Oma- 

nu'ntiil  Art*.  By  W.  B.  Scott.  Sct\:.d 
i:  lition.  Crown  8ro,  with  50  Woodcut 
lUuiiLratlons,  8s.  Cd. 

The  History  of  Oiu  liord,  a>  exem- 
pUflad  in  Works  of  Art.  By  Mrs.  Jamesoit 
and  Laily  E-vsti.aki:.  BLjnt;  tlie  concluding 
Series  of  'Sacred  and  legendary  Art»* 
Soeond  EtUUoo,  with  15  EtcUngs  and  S81 
WoodentBi  2  Tola*  oqaato  ciown  8fOk  4St. 

Mrs.  Jamo&on*8  Ijegends  cf  the  Bainta 
ondMart^Ts.  Fourth  ii^lilion,  with  1 9  Etch- 
ing! and  107  Woodsnla.  S  votiL81s.(ML 

Vn,  Jamason'a  I«egenda  oftheMonaatIo 

Ordeni.    Third  Edition,  with  11  Stdlingi 
and  88  V.'c  odctits.    1  vol.  2 1  *. 
Mrs.  Jtuueson' a  Legendu  oi  tiie  Madonna. 
Third  Edition,  with  27  Etching*  and  166 
Woodcuta.  lT0l.2U 


Musieal  P\ 

An  Introduction  to  the  Study  of  | 

Katloaal  Muciei  Comprising  Researehet  { 

into  Popular  Songs,  Traditions,  and  Cus-  | 

turns.  By  Cakl  i^uKL»  Author  of  'The  \ 

Music  of  tlie  moat  Ancient  Nationn*  With  | 

Frontispiece  .ind  numeroos  Musical  IIlus-  [ 
trations.   fivo.  JC*. 

Six  Loctui'os  on  Harmony,  l'^'- 
hvered  at  the  iko^wi  lunliiuiiou  wi  Grt-at 
Biltala  bcAf e  Eaetor  1807.  By  6.  A. 
Uacparrkx.  evo.  f  /  f'  /iresi. 

Lectures  on  tho  History  of  Modern 
MosiCf  delivered  at  tho  Koyal  IiulituUoa. 
Bjr  Jonx  Hvllab.   V!imt  Coonai^  with 

CtiroQoltgical  Tables,  post  8vo.  6«.  6</. 
Sp.'ost.  Crt  n'»R.  i!;e  Transition  Period, 
witli  i:t»  t^peciinen*,  6vo.  IC*. 


blicaHons, 

Sacred  Music  lor  Family  Use  ; 
A  Selection  of  Pieces  for  One^  Two,  or  more 

Voices,  from  the  iK'-t  Cn:*  ^i-i^-r',  Furi  ign 
and  English.  Edited  by  iowx  liuiXAU. 
1  vol  mnsie  folio,  2U.  haU"  bonnd. 

Huliah's  Fart  Music,  Sacred  and 
Secttlar,  Ibr  Soprano,  Alto*  Tonor,  and  Baai. 

New  Edition,  Willi  PimnoforU*  Accompntu- 
mentA,  in  course  of  publication  in  MonUil/ 
Kumbers,  each  number  inScoN^withPlaao- 
forte  Accompaniment,  price  Is.  and  in  >«pa- 
rnto  Parts  (Soprano,  Alto,  Tenor,  and  liass), 
uuifurm  with  the  Score  in  size,  but  in  larger 
tyi>e,  price  8^  eaeh  Part.  Bach  Sorioo 
(Sacreil  and  SecuUr)  to  be  complet  1  In  12 
Xumbers,  forming  a  Volume,  in  imperial 
8vo. 
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Atis^  Manu/adures^  ^v* 


Drawing  from  Nature;  a  Series  of 
Profcre«dv«  Instroetuim  in  Sii«tdiiiig*from 

Elonnntaiy  Studies  to  Finished  View?,  | 
witii  ExAmpIea  from  SwiUeilaad  &Dd  tlie 
rjrwweB.    Bj  Gbobos  Babhabis  Pra- 

fanm  of  Drawing  at  Rugby  School.  With 
18  Liehographic  Plates  and  108  Wood  £0- 

gravinga.    Imp.  8vo.  2i>s. 

Qwilt's  Encyclopesdia  of  Archi- 
tecture. Xew  Lditioo,  reviaed,  with  al- 
temtioBf  and  eofl«tder«bl«  AddMoof,  bj 

Wy.VTT  PArvvoRTH.  With  abovo  350  New 
Engravings  and  Diagrams  on  Wood  by 
O.  Jbwitt,  and  upwanU  of  100  other 
Woodcuts.  Svo.  iNwify  rtaify, 

Tuscan  Sculptors,  tlicir  Lives, 

Work*,  and  Timca.  W  ith  4 '>  Etchings  and 
28  Woodcuts  from  Original  Drawings  and 
Photx^raphs.  By  Ciu&ucs  C.  Ferkiss. 
9  vols.  Imp.  Sto.  6St. 

The  Grammar  of  Heraldry :  con- 
taining *  DoseriptioQ  of  all  the  Principal  | 
Cbarg<»^  nsed  in  Armorr,  the  SigTiification  ■ 
of  Heraldic  Terms,  and  the  Kules  to  ho  i 
obwrrod  in  Blaaoning  and  UanhalUng.  ' 
By  JoHx  E.  CcssAKS.  Fcp*  irith  196  j 
Woodcuts,  As.  Gd.  ' 

The  Engineer's  Handbook ;  ex- 
plaining tbe  Principles  which  should  guide 
the  jonng  EngittMr  in  tha  Comatnictioa  9t  \ 
Madiin«i7.  ByCS^Lo^niDBs,  PoatSmSt.  ; 

The  EtomentB  of  Ueohaaiam.  ! 

By  T.  M.  G(H>DKVK,  M.A.  Prof,  of  Me- 

chuuics  at  the  R.  M.  Acad.  Woolwich. 
Second  Edition,  with  217  Woodcuta.  Post 

Trre*8  Blotionary  of  Arts,  Mann* 

facturos,  and  Mines.  Rc-writtcn  and  en- 
largod  by  Robbrt  Uukt.  F.K.SVassi8ted  by 
nnmerotts  Gontributofs  enlBont  in  Sdcneo 
and  tile  Axta.  With  1^600  Woodcuts.  S  vols. 

Treatise  on  Mills  and  Millwork. 

By  W.  Fahmvurx.  C.E.  F.R.S.  With  18 
plates  and  ^22  Woodcuts.    2  vols.8vo.  82m. 

TTaefttl  InfonuAtion  for  Bnglneflra.  By 

the  ssme  Antbor.    First,  Skcond,  and 
Thiri»  Skrirs,  with  many  Pistes  and 
Woodcuts.  3  vols,  crown  8ro.  lOs.  Sd.  each. 
The  AppUoatioa  of  OaaC  aad  Wroosht 

Iron  !f>  Building  Piir|K>.'aes.  By  the  same 
Antbor.  Thiid  Edition,  with  6'Plateaand 
ilSWoodcnta.  8va  16i. 


Iron  5vhij>  3uji<JLLXi.ga  its  £1^ 
aiui  PiKMrrMflL  mm  oufailaai  a  •  ^ 


Experimental   n«-S-^r4rcLc!5  »o  *_- 
Strain  ;    the  Strengthiw  Fa»  - 
coadJtkma       tiMm  Mnteriai;  mim  - 
into  the  jPraoant  and  Pro67CEcr« '  \ 
the  incladin^    tb*  > 

Resalt&  on  vhe  .Rmisting  Pt>«^'  ' 
Plates  and  Shot  «fc  Ui^h  Vw<. . 
W.  F.viRB,Mr:x.  C  F.  F  K  -i-  Us 
and  130  Woodcuts,  arow  iJbs. 

Encyclopaedia  of  OiTil  Es?:^ 

ing,  ni*tfn\-iAl,  Theort  licail,  *r-  • 
By  JL  Crkstt,  C.K.  WHii  »^ 
Woodcota. 


lie's  J 


The  Practical  mechanic 
nal;  An  lUourtnated  Baeatd  «f  i:^  > 

and  KnginetTiiii^    Science,  acd  Fj^ 
Patent  Invoxtiozuk    4tA  prkm 


The  Practical   

Book  of  In  lu-trial  T^es:frn.  Uy 
SOH,  Asaoc  last.  C        With  ia*sj  - 
lUnstiBtioBA  4eo.  989. 

The  Patentee's  Jklanual:  &~ 
on  the  Law  and  Pnaetlce  of  hitumf 

for  the  u^o  of  Paten  tcM  tuid  lar^^'^ 
i.  and  J.  U.  JoniiBoaf.    Poet       •'^  - 


The  Artisan  Club*^ 

the  Steam  Kngine,  in   it.?  vanM*u«*r 
tions  to  Mines,  JUilU,  bieam  Nj'V 
Kaywaya,  aad  Agricttlttim  BjJ^^ 
C.E.   Seventh  Ed Itu^n  :  with  »7JPI»»* 
646Woodcuta.  4tow  42«. 

A  Treatise  on  the  Screv  \ 

pcllor,  Screw  Ve^M-K.  a:?,!  S  -t^w-rV"/ 
as  adapted  tor  purposes  0/  Fe*c«  sad  •  ' 
iUaatratod  by  many  PUtaa  and  * 
By  the  same  Author.    New  aad  w^^'^ 
Eilition  in  course  of  publioalioo  ia  S^F- 
royal  4 to.  2t.  6d,  each. 


Catochism  of  the  Stoam     _  . 
in  Its  various  Applications  to  Jl?s<^^* 
Staam  NaivigaCioii,  RaUwayg^and  Mf^' 
ture.  By  J.  BoruxR.  C.E.  Wi(f-.  I '^'^ 
cuts.  Fcp.9«.  TbeIirrRODccTfi».voi'5^ 
Impromsonti'  may  be  had  tegmfU^t 
tlO  Woodaiti^  prios  9$,  6dL 

Handbook  of  the  Steam  Bnsine.  ^  ^' 

same  Atith'ir,  foniiing  a  Kr.t  to  tbei^ 
cbism  of  the  Steam  Engine,  witb  fH  V^'^** 

CtttH      WCPk  99m 
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Art  of  Perfumery  ;  the  History 
•  ^-tllH^^  •  '^'^^^y     Odours,  and  the  Methoda  of 

PiEasE,   F.C.S.    Third  Edition,  with 
Woodcuts.  Crow»  8vo.  10*.  (kt 

£cst:  nrilcal,  TTatiiral,  and  "PhyBicfil  Mnpic, 
^    •  Juveniles  duriug  llie  Holidajs.    By  th« 
!^'ine  Anthor.    Third  BdItioii»  uUng^ 
^^ithSS  WoodcaU  Fcp.  6«. 

r  '  Ipa  ;  or,  the  Chronkles  of  ft  Claj 

f^'  arm.   By  C.  W.  nosKTXs,  Esq.  With  24 
£*'-Voodcat*  from   De<?igns  by  G.  Cruik- 
llUkJiK.    Sixth  F.  linou.    16mo.  5«. 6(/. 

ifltory  of  Windsor  Great  Pai-k 
^DOd^Mmd  Windsor  ifore^u   by  W'iluuu  Mkx- 
V  ffMnlrtin,  MaoBt  Deputy  Surveyor.  With  2 
SriCte  31*M  and  20  Photogrtpha.  Imp.  foliot  £B  B§, 


Loudon's  EncyclopjBdia  of  Agri- 
culture: ComprUiog  the  Layiug-out,  Ln» 
proTonnot,  and  MuigMMBt  of  Landed 

Property,  ami  the  Cultlvatinn  and  Economy 
of  the  Productions  of  Agrlcoluire.  With 
1,100  Woodcuts.  8r«.8U6A 

IiOttdon'a  ]bioyfllop«»diftof  Qardenixig& 

C^mpri?ing  the  Tlieory  nnd  Practice  of 
Horticulture^  floriculture,  Arboriculture, 
and  Landaeapa  Gard»iiug.  With  1,000 
WoodcutJ.  8m  8I«.  6d 

liOudon's  EncyclopaDdia  of  Cottafrr,  FBrm. 
and  Villa  Architecture  and  Furniture.  With 
mora  than  2,000  Woodenti^  8nk4it. 

Bayldon*B  Art  of  Vftliiiiig  Bents 

and  Tilhij^'Cf,  and  Claims  of  Tenants  upon 
Quitting  Farms,  both  at  Michaelmas  and 
Ladj-Day.  Eighth  Edition,  reviMd  by 
J.  G  HoRTQK.  8to.  10«.  6dl 


lu  liijious  and  Moral  Works, 


Pxsi/^vl  Exposition  of  tlio  39  Articles, 
i  iiiisn  Historical  aud  Doctrinal.  By  £.  Habold 
iMc^tt'  BBowatB,D.D.LoidBiahapof£ly.  Serenth 
aaa        Sdition.  Sva  Uk 

Tlis  Pentntruch  r.r.-i  the  Elchistio 
I'c^iS  I'salma,  in  licpty  to  lilshop  Colen»o.  By 
ivAi^B     theiama.  Second  Edition*  8m  2a, 

^        Bxiumnation-Questions    on  Bishop 

a.M^-      Urowne's  Expositiori  of  the  Arfklc^  By 
the  Uev.  J.  (i«.>KLK,  1      S«.  Od. 

; ....   The  Acts  of  the  Apostles;  with  a 
Commentary,  and  Practical  and  Darotional 

Suggestions  for  lli  nderi  and  Sttttknts  of  the 
Knglish  Bible.   By  the  Kev.  F.  C.  Cooit, 
A ,  Canon  of  Exeter,  kt*  Nev  Edition, 

ttvo.  lit.  ed. 

The  Life  and  Epifrtles  of  St. 

.  .  VauI    By  \V.  J    C.yxr  r.w.r..  M. A.  late 

■,rf.  -  i  eiloW  of   Trin.  Cull.  CkUiiib.  ttud  J.  S. 

r j        llowaoflr,  D.D.  PrUicipal  of  Uvcrpod  Coll. 

'  ^'  LiDRART  Edition,  with  all  tha  Original 

^  T1!iistr;itiniii,  Maps,  I-ukJ -rapei  OH  Steal, 

\V*X>UcUtH,  \C.     2  Vt'I-.  Itn.  ■i'<s, 

IxTKUMRDtATE  Edition,  with  a  Selection 
of  Map^  PJatai,  Md  Woodenta.  2  valfc 
^  iqnara  cnnra  Sw9,  Sia,  8d 

Ti  pEoiM.r's  rritTio??.  rcri'od   and  con- 

.•4  densed,  with  46  Illustrations  and  Maps. 

*  2  mla.  erown  8m  12s. 

The  Voyago  and  Shipwreck  of 
t'  (^t.  Paul;  with  Diswrtatlons  on  t)i<>  Ships 

f  "■it.  1  X;ivl^;il;iin  iif  the  Ancients.  DvJamks 

"  Wmith.  F.K.!!?.   Crown  8to.  Charts,  lOt.  6<L 


Fasti  Sacri,  or  a  Key  to  the 
Chronology  of  the  New  Testaments  com<' 
prising  an  Historical  Harmony  of  tha  Font 
(jrospel«i,  and  Chronological  Tables  gene- 
rally from  B.C.  70  to  a.d.  70 :  with  a  Pre- 
Hniioary  Dissertation  and  other  Aids.  By 
ThohabLewiv,  MAF.8.A.  Inpk8vo.42s. 

ACritloal  and  Grammatioal  Com- 
mentary on  SL  Paul's  Epistles.  By  C.  J. 
ELr  jroTT,  D.D.  Lord  Bishop  o£  Ulonositar 

and  i>riatol.  8vo. 
Onlfttiann,  Third  Bditlon.  8s.  8(1. 

Ephesiims,  Third  Eiliti  xi,  P^.r./. 
Pa^torr.l  Epiatles,  Third  Edition,  Ida.  dd. 
Philippians,  Ooloaaiaaa,  and  PhlUnnon* 

Third  Eduiun,  1^).*.  i'd. 
Thcssalonians,  Sccoad Edition,  7».6tJ. 

Historical  Lectures  on  the  Life  of 
Our  Lord  Jesus  Christ:  being  the  Halsean 
Laetnrea  fhr  1868.  By  Ilia  sama  Author. 
Fonrth  Sditloii.  8ml0ik8d 

The  Destiny  of  the  Crciitxire  ;  and  othrr 
Sermons  preached  before  the  Uuiveraity  of 
Camhfidge.  By  tha  sama.  Post  8m  8s. 

The  Broad  and  the  Narrow  Wayt  Two 

Sermons  prcnrhicil  I  tfore  the  Univcr«rty  of 
Cambridge,    lly  the  same.   Cro^vii  hvo.  '2s. 

The  Greek  Testament ;  with  Note??, 

UrammalKal  and  Kxegctieal.  By  the  i^uv. 
W.  Wmru,  MJL  and  the  Bav.  W.  F. 
WuJUliBOir,  M.A-  2  vols.  Rvo.  £2  ia. 

Vol.  I.  the  Gospels  and  Acts,  20». 

Vol.  II.  the  Epistles  and  Apocalypse,  24s. 
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Spiritnxal  Songs  tbr  the  Sundays 

imd  lIoV;  lays  throughout  tl;e  Year,  J5y 
J.  Ti.  >rowsLLU  LL.D.  Yuar  of  Eghtm. 
F^iurth  I'.dition.    Fcp,  As.  dd. 

Tilo   Seatitude«:  Abawmeat  iM^foroGod: 
Sorrow  for  Sin;  Meakness  of  Spirit;  Dasin 
for  llolincea;  Gentleness;  Parity  of  Iloart ; 
tbe  Peaco -makers :  Suft'erings  for  Christ. 
:       By  Use  aarac.   Third  Edition.  Fcp.  8».  6<f. 

X^yvQ.  Sacra  ;  Hymn!»»  Ancient  and 
Modem,  Ode^  and  Fragmenia  of  Sacred 
PoeUy.  £dit«4  by  the  Rer.  B.  W.  Satxu, 
M  A.    Third  Edittonp  enlarged.  Fcp.  6«. 

X«yr£k  Q-ermanica,  translated  from  tlie 
Gorman  bjBliai  C  WoncwoBTR.  Fun  | 

Skbiks,  Hymns  for  the  Sundays  uul  Chief 
Festivals;  Second  Series,  tlie  Chxiatian 
Life,    Fcp.  3s.  Cd.  each  Seroes. 

H-ymns  from  Lyra  Oermanica,  iSrno.  l*. 

The  ClioralG  Book  for  England ; 
a  complete  Hymn-Uook  in  accordanca  wiU» 
the  Services  and  Fetthndf  ot  the  Chonh  of 
Engl.uidt  thft  Hymn.<<  traadatod  by  &liM  0.  ' 
Win  K  wonrn  ;  the  Tunes  arranged  by  Prof. 
W.  6.  UtJi-NKrr  aud  Oxro  Goluschhidt. 
Fcp.  4to.  lit^Bd, 

Consrcgational  Edition.  Fcp.  U, 


Lyra  EuohEiristica  ;  nyrr.-r;  and 
Verses  on  the  Holy  Communion,  Ancient 
and  Modem ;  wi  th  oth«r  Ppmm,  Ediltd  by 
the  R«T.  Orbt  SniFUtT,  ILA.  Seoond 

Edition.   Fcp.  7*.  Qd. 

Lyra  Messlonlca;  ilynuis  and  Ycrsea  ou 
the  Life  of  Christ,  Ancient  and  Hodoni 
with  other  Poems.  By  the  same  Editor. 

Scf  "^r.'l  Edition,  enlarj^ed.    Fcp.  7s.  Gd, 

Lyra  Myatioa ;  JQymua  and  Vemea  an  Sacred 
Subjecti»  Ancient  and  Modem.  By  tha 
aoBM  Editor.  Fcp.7a.Sdt. 

Tlie  CafhoUo  Doctrine  of  the 

Atonement ;  an  Htstnrcnl  Tr.qniry  into  ita 
Development  in  the  Church :  with  an  InUro- 
dactioii  on  the  Ptinciple  of  Thcologieal 
Derelopments.  By  H.  N'.  OxiiNUAM,  M.A. 
formf^rly  Scholar  of  Balliol  CoUege»  Oxford. 
8vu.  8v.  Gil. 

From  Sunday  to  Sunday;  an  Attempt 
to  ooaaider  fiuniRaxly  tba  Wodtday  Uft 
and  Labours  of  a  Country  Clergyman.  By 

R.  GFr,  M.A.     Fcp.  55. 

Our  Sermons:  an  Attempt  to  cozuidar 
familiarly,  bat  reTevtntly»  the  Preachecli 
Work  in  the  present  day.  By  the  otnia 

Author.    Fcp.  6*. 

Paley's  Moral  Philosophy,  with 
Annotations.  By  Hicuard  \V  iuvtkly^D J>. 
late  Afchbiabop  of  Dablia.  Sro.  7«. 


Travels^  Voyages^ 


Ice  Caves  of  France  and  Switzer- 
land {  a  narrative  t»f  Sabtarranean  Explora- 
tiM.  By  tha  Bey.  G.  F.  Browsk,  M.A. 
Fell  ow  and  AMistant-Tutor  of  St.  Cif  luriue's 
Coll .  Cambridge,  M.A.C.  With  11  Woodcnta. 
Sqa.are  orowu  8vo.  lis,  M 

Village  Life  in  Switaoriand.  By 

now  we  Spent  the  Summer;  or, 
a  Yoyage  en  Zig:utg  in  SwitaeriaaJ  and 
Tyrol  with  leoa  ftfemben  of  the  Auum 

CliB.  From  the  SkcU  h-Book  of  one  of  the 
Party.  T;;i  I  i.  re-drnwo.  Inoblong 

4td.        .lb  'i  '.  3'.'0  Il^u.trations,  16*. 

Beaton  Tracks ;  or.  Pea  and  Pencil 
liXeUhca  in  iulv.  Bv  the  Autb<we«i  of 
» A  Voyega  en  Zlgii-!'  With  42  Piatee, 
ccntaininjf  about  i'^o  Sketche*  fronj  I>rew- 
ingt  made  on  itt  .'*;>4t.  Vto. 


Map  of  the  Chain  of  Mont  Blano, 

frum  on  actual  Survcv  lo  IW^1W4.  By 
A.  Adams- Keiu-y,  f!r.G.S,  M..\.C.  Pub- 
lished  under  the  Authority  i  f  Lc  Alpine 
Ciub.  In  Chromolitiu^rapby  on  extra  stoat 
dmwing-paper  88in.  x  ITin.  pciea  10$,  «r 
monnt^  on  canvas  in  a  folding  caeot  6dL 

Transylvania,  its  Troduott  and  ita 

People.  By  CiiARf.rs  BosFn.  With  5 
Ma(M  aud  43  Illustrations  on  Wood  aad  in 
Chvomolithograpby.  6vow  21a. 

Exploratioxui    In    South  -  vrmt 

Atyica,  frtira  Walvi.ich  Bay  l<i  Lake  NganU 
and  the  Victoria  Falls.  By  Tiiom.\s  Balmier, 
F.B.G.S.  Svo.  with  Maps  and  Illustra- 
tioneb^la. 

VanaoaTOT  Idsnd  and  BritUh 

Columbia  :  .1.'  ir  Hi-t -rv.  Resources,  and 
Pro«p  * i;y  >LiTTHK'.v  M-vti  iE,  F.U.G.S. 
WiOi  .Maps  Mii'i  lUoslrations.  Sto.  18i. 
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HiBtory  of  Discovery  m  our 
AtutraJuian  Colonies,  Aiurfr«i|a^  Tamaaia, 
and  New  Zeakn  J,  from  the  Earliest  Date  to 
Um  Present  Day.  By  Wuxiam  IIuwitt. 
Whh  S  Uapa  of  tht  JUtmt  Mxftmtkga 
from  Offldal  Soma.  S  rob.  8r«.  20jl 

The  Capital  of  the  Tyooon;  s 

Xarrafivr>  ,  f  i  3  Tears'  R«*«>34<>n€e  in  Jai.aii. 
Bj  Sir  iiLT/iEJiroBO  Alcock,  K.C.B. 
9ToU8via.  iHlh  nnmcioin  1Uwtniliooi^4S«. 

Florence,  the  New  Capital  of 
Italy.  By  C.  K.  \VeLi>.  WithtemiEo. 

f^'ravings  on  Wootl,  from  Dnwiogs  bjtlio 

Au(lli"r.    Pc'st  Sm. 

The  Dolomite  Mountnins.  Excnr- 
atomt  Uirt>ugti  Tyrol,  CanuLiiia,Carniola,aad 
FrinU  la  1861,  1862,  anii  1868.  By  J. 
GiLBKBT  and  G,  C.  rnfi:rnTT.r^  F.IiG.S. 
With  nomerons  lUu^tratioos.  Square  crown 
Bto.  81& 

A  Lady's  Tour  BoundMonto  Bosa; 

including  Visits  to  the  Italian  Valleys. 
With  Uap  and  lUnatratums.  roat8va,14«. 

Giiido  to  the  Pyrenoei,  for  the  um 

of  Moatitiiineers.   By  Charles  PAfRR. 
With  Maps,  &c.  and  Appendix.   Fcp.  (l.i. 

▲  Ouide  to  Spain.  Bj  H.  06uea. 
Poat  8to.  with  Tnveiling  Hais  16ik 

Christopher  Gotombiu;  hto  Life, 

Voyaf^es,  and  Discoveries.  Revised  Edition, 
with  4  W(^cuts.    18rao.  2*.  Cfi 

Captain  James  Cook ;  hh  Life, 
Voyagers  and  Oiscoveriea.  Kevised  Edition, 
with  Woodenta.  JSmo.  2».  6dL 


c  1 


Tlie  Alpine  Gruide.  BjJu?:. 
M.RT.A.  Into  FMIait  af  tUA^i^v  : 
Poat  8tQ.  with  XftpaaiidotetlaNe. 

Chiide  to  the  Baetam  A]pt.  [Ar-*. 

Guldo  to  th«  Western  Alps.  -  . 
Mont  Bianc^  Moote  ZeraM^ 
priee  7«.6A 

Ouide  to  tliftOberlendaadaltSvilx 

land,    exct-ptin^  tJ.L- 
lioiit«  iiooa  aad  the  Gr  ^  <u 
with  Lemberfy  «ad  the  ^d^^^i 
orTjrroL  7A6dL 

Hiiiiibcildt*8  Travels  and  Dv- 

veriaa  io  Sooth  America.  Tlird 
with  nnmeroaa  Woodcota.  Vtmk  ii>  i 

Narrativee  of  Shipwreeki  of  c 

Roral  X.irA  1.  rwe.  ;»  1793  and  ^ 
piled  from  OlBcial  l  >ocnmroU  to  tki  > 
minlty  by  W.  O.  S.  GnxT;  wjtbaPit' 
t7W,SL6iu.T»DJX  SdBditio^fif- 

A  Week  at   the  Land's 
By  J.  T.  BuoBT ;  unatad  by  &  B,tf 
R.  Q.  CoLCH,  and  J.  Ralw.  iWtk  ^ 
and  96  Woodcota.  Fcp,6s,6d. 

Visits  to  Bemarkabld  FIaos 

Old  Halb.  Baff?''-F).I.is  sulI  5vi.ott 
trative  of  Striking   FnaaAges  la  Fr;- 
Hiatoiy and  Poetry.  By  Wiujam  Ho*tr 
2  vols,  square  crown  6»o.  frilh  Waad 

gravingj,  25* 

The  Rural  Life  of  EnglAi^ 
By  the  same  Auth.jr.  With  Wooikatt  ' 
Bewick  and  Williams.  Medium  8roil& 


Wbrfe  of  FicHm. 


Atheratono  Priory,  ^y  L.  N.  Comir, 

V.)1«<v  :  A  T«U\       Iho  s^uuc.  Post  8vo,  S>*.  W. 

$n>r';o«  And  Talos  by  tho  Author 

ti  ^An^x  IKrUft,'  aotft>nu  Edition,  each 
Va)t  -ff  StvMv  «iMN|tl«to  ia  a  aiagle  ToiauMi 

V«tiii>»it«y.fa.<J;  KArtfARnnt  AsRTOir, 

«.v..  ■.-v. 


The  Six  Sistors  of  the  VallejJ- 

an  liistorical  Kom a n c  e.   Hv  W.  ii*A*uP 
MooKK,  ILA.  incutji  bent  0/  G«»Taid*«0»*  ! 
Backa.  Fourth  Editioo, with  t41Uaiinif'^ 
Ckmni8vo.£a. 


GtallUS ;  or,  Roman  &;cnc$  of 
of  Augustus:  with  Xolctaiid  KxcBraj* 
illustratlv.^  of  tht-  Manncru  mA  ru?ti>n>*  •< 
(be  Ancient  Homans.  From  ibc  Qtrmasf 
]*nCBacaui.KewEdit.  M  8*«k*«**^ 

Charioles  ;  a  Tale  illusiratirr  ofP^''^^ 
Lift  amon^  the An»  i<  rif  Gretk* : 

with  N<«« 

Aud  EjccuTMises.  Fn>m  Uieu«ra»an  of  Pt' 

Keir  £dllki^  Pott  im  A  «^ 
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Xoolaiidic  I-»egGiias.    CoUccted  by 
Joar.  Auuaov.  Mected  and  TnauUted 

from  the  Icelandic  by  GtoROt  E.J.  rowBi^L, 
and  E.  MACNUsaoN.  Second  Sebies, 
vrith  'SoUs  luid  an  Introductory  Essay  on 
the  Origia  ftnd  Geniiu  of  the  Icelandic 
;  Fc>!k-Lore,  and  3  lUnstlfttlOllS  OH  Wood. 
Cru\^  n  Kvo.  -  Is. 

ITlie  Warden :  *  Novel.  By  Aktbokt 
Trouaps,  Crown  8vo.  Si;  6dL 

Barchcater  TowttttJ  a  ScQuei  to  'The 
vra.  l  a.'  By  tbo  lame  Aothor.  Crown 

fc%'u.  Zs.  Cd. 

Tales  from  Greek  Mythology. 
By  George  W.  Cox,  M.A.  Uto  Scliolor 
of  Trin.  Coll.  Oxon.  Second  Edition.  Sqnaro 

ICiuo.  "s.r.j. 

Tales  of  tho  Qods  and  Heroes.  Bjr  the 
oune  Author.  Second  Edition.  Fc|k5t. 

Talea  of  Thebes  and  ArgM*  By  the  itme 
Author,  fcp.ia.6d 


The  Gladiators:  a  Tale  of  Borne  and 
I     Jadssa.    Bj  6.  J.  Warn  MnmLS. 
(>oini8TO.0a 

Diffby  Grand,  au  Autoblognvby.  S7  the 
aane  Author.  1  to).  6«. 

Kate  Cor  entry,  an  AutolilaRniplqr.  ^the 
same.   1  voL  b», 

Gteneral  Bounce,  or  th>-  Lidy  aud  the  Lo- 
I      custs.   liy  tlie  same.    1  vol.  b$. 

H  olmby  Ho\ise,  a  lalo  of  Old  l^ortLaupton* 
sbire.   1  vol.  6t. 

Good  for  Nothing,  or  AH  Down  HiH*  Br 
the  same.  1  voL  (it, 

Tho  Queen's  Marios,  a  Romance  of  Soly* 
rood,  liy  tiie  same.  1  voL  Qs, 

The  Inlcrpretcr,  a  Talc  of  the  War.  By 
the  same  Author.   1  voL  6$, 


Poetnj  and 

Goethe*8  Second  Faust.  Translated  I 
by  JouN  Amstkb,  LL.D.  M.fi.LA.  Hegios  i 
ProfMor  of  Civil  Lav  in  tke  UnlTecaity  of 
Dttblin.  Foat8v».l(ik 

TasBo*8    Jerusalem    BeliTered,  | 

traclated  into  F.ii^'li'.h  Verse  by  Sir  J.  i 
Kncosroa  Jasics,  Kl.  MJL  2  rola.  fcp.  I 
with  Faciimila» 

Poetdoal  Workfl  of  John  Bdmimd 

Reads i  with  final  Kevuiion  :\.v.\  Additions. 
'\  vol?,  fcp.       f'r  each  vol.  bcparatdy.  6f. 

Moore's  Pootical  Works,  Cheapest  : 
Editions  complete  In  1  voL  inoludini;  the  | 
AntohiognkphiealPfeflnaa  and  Anther's  last  : 

Notes,  which  arc  still  copyright.  Crown 
8vo,  ruby  tj-pe,  with   Portrait,  6«.  or 
Feople's  Edition,  In  larger  type,  12a  6d  i 
Iftooro's  Foetioal  Works,    ab  jve,  Liiirary  I 
Edition,  ni'.'Uiam  8vo.  with  V  rtiait  nr..! 
TikTH^ft",  11*.  f>r  in  in  vol-i.  fcj .  C.r  GV.  e^t!i. 

Moore's  ItaUa  Bookli,  leonici's  £di-  , 
tioD,  with  88  Wood  Engravings  ftom 
On„'inal  Drawings  and  other  lUoatiatiMia.  , 

Moore's  Irish  Melodies,  ! 
Edition,  wHIi  MI  Steel  PlateoftoinOflflDal  j 

DrswiniiaL  flnpsr-roiyal  8m  SlaM.  | 

Miaiaturo  Edition  of  Mocre's  Irish 
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